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HIGH TEMESEATDEE APPLICATIONS 
By A. E. White, J, W. Freeman, and P. B. Eote 



SU^IMAEY 

The data given in this report constitute a euimriary of the 
physical properties of 120 samples of metal alloys, representing 
86 different compositions which have been investigated for their 
suitability as turbo supercharger wheel materials. The reported 
data include the chemical composition, fabrication procedure, 
tensile -test and hardness values at room temperature, and tensile 
and rupture -test characteristics at 1200^ F. Comments of contribu- 
tors of the test materials concerning the workability and machin- 
abllity of the alloys have been included. 

Since the data obtained are very extensive, comparison sheets, 
given in Figures 1, 2, and 3, are included, In these sheets the 
chemical analyses, processing procedures, hardness values, yield 
strengths at room temperature, stresses for rupture in 100 and 
1000 hours at 1200^ F., and ductility characteristics are presented 
in a manner which permits comparison of the i^roperties of the various 
alloys. 



INTROnJCTION 

In October, 1941 the National Advisory Committee for Aero- 
nautics retained the Department of Engineering Research of the 
University of Michigan to conduct an experimental metallurgical 
investigation to find improved materials for use in exhaust gas 
turbines • The Committee also appointed a Special Subcommittee on 
Metals for Turbosupercharger Wheels and Buckets which is charged 
with directing the Committee's activities in the field. The member- 
ship of the Subcommittee is as follows: 

Mr, W, L. Badger, General Electric Company, Chairman 
Mr. Lewis S. Bergen, Crucible Steel Company 
Mr, V, Broome, Allegheiiy Ludlum Steel Corporation 
Mr. C. T« Evans, Jr., Universal -Cyclops Steel Corporation 
Mr. Bussell Franks, Union Carbide & Carbon Eesearch Labo- 
ratories, Inc. 



Dv. Marcus A • Groasrnann, ctrnogle-Illincis Stee^ Corporation 
Dr. George W. Levis, WACA (ex officio) 
Ml-. Eu3seli G, RolDineon, MCA (ex officio) 

xAn advance confidential report entitled ^Thyaical Data on 
Certain Alloys for High Temperatm^e Applications'^ vsts compiled by 
the Coordination Office of the National Advisory CoinmitteG for Aero- 
nautics in October, 1942 based upon data obtained by the University 
of Michi^Gji up to that timo. Kitrcgon ar^alysee have been made for 
several of the materials presented in the October, 1942 report, and 
in addition the names of several of the alloys have been changed to 
prevent confusing them with materials tested later in the program. 
For these reasons it was believed advisable to include in this pres- 
ent report all materials that have been tested at the University of 
Michigan in this research. Therefore this present report supersedes 
.the report prepared by the Committee in October, 1942. 

The investigation is being conducted for the p^orpose of devel- 
oping alleys with the best possible combination of load-carrying 
ability at 1200^ F., and yield strength at room temperature. These 
qualities were selected since they are indicative of the propei^ties 
required in materials for turbosupercharger wheels. 

Full cognizance is talcon of the ijnportanoe of developing alloys 
which contain the least possible amo'.mt of strategic metals and yet 
have the necessary properties to withstand tui^bosupercharger wheel 
service. Forgeability and machinability, likewise, are receiving 
consideration. No information is presented on such factors as 
weldability, and production practice, although they have received 
consideration by the Subcommittee. 

The res^:ats of the investigation indicate that both the load- 
car-^ryirig ability at 1200^ F. and the room-temperatur-e properties of 
most of the alloys can be increased by mechanically working the 
alloys at temperatures below the nonfoal hot-workirig temperatulres. 
Since , it appears that this factor has more influence than compara- 
tively wide variations in chemical composition for a given type of 
alloy, the research is now being extended to Include an intensive 
investigation on the effect of treatment on the strength character- 
istics of seve2.*al materials that are shown by these present tests 
to be of special interest. 

The materials used in this investigation were supplied by the 
Alloghonj^ Ludlimi Steel Company, Carnegie-Illinois Steel Corporation, 
Crucible Steel Compariy, General Electric Company, International nickel 
Company, Inc., Timken Holler Bearing Company, Union Carbide and Carbon 
Eesearch Laboratories, Inc., and Universal-Cyclops Steel Corporation. 
The cooperation of those steel companies in preparing experlmenfeil and 
production steels contributed greatly to the investigation. 
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The steel manufacturers who contributed specimens for testing 
in MCA research on high temperature materials have indicated that 
■ they will be pleased to discuss the alloys described in this x-eport 
with any qualified person acting as a representative of a contractor 
to the United States Government. Therefore, if additional informa- 
tion on these alloys is required, it is suggested that such informa- 
tion be requested from the proper manufacturer. 

TABULAIED LATA 

^he information given in the following pages of this report 
incluaes (1} the chemical composition of the sample, as reported 
by the manufacturers; (2) the fabrication procedure; (3) the haixiness 
at room temperature before. and after completion of the longest dura- 
tion time-for-nipture test; (4) short-time tensile properties at room 
temperature and at 1200° F; and (5) the rupture-test data, including 
ductility values, obtained at 1200° F. In addition, the stresses to 
cause, rupture in 1, 10, 100, and 1000 hours at 1200° F. are given. 

^ The rupture, strengths were determined by logarithmic plots of 

^ the stress versus rupture-time data. Even though the duration of 

the longest test may have been considerably less than 1000 hours 
the values reported are based on extrapolations which have proved 
^ to be reasonably reliable for this test. In certain cases the 

rupture tests were not continued for time periods longer than 
200 hours because the samples were not considei-ed good enough to 
warrant. further testing. The -stjess -rupture time values from a few 
samples gave a scatter of points instead of the usual straight line "' 
When plotted to logarithmic coordinates. In such cases the reported 
rupture sti^ngths were obtained from the best average straight line 
through the points. 

Figures 1, 2, and 3 on pages 252, 253, and 254 summarize the 

data for the samples from each manufacturer. In addition to compo- 
sitions and fabrication procedures, the hardness and yield stresses 
?poJo°° *®™P©^ature, stresses for rupture in 100 and 1000 hours at 
,1-00 F,, and ductility characteristics are presented in these fig- 
ures. These physical properties v^ere selected for presentation 
because they permit evaluation of the suitability of the alloys for 
turbosupercharger wheel service. 

Comments on Data 

The manufacturers of the experimental materials from which the 
* were obtained submitted comments on the forgeability and 

machinability of their alloys. This information has been incoriDorated 
m the data sheets. It is extremely difficult to evaluate these 



properties for even ono application of the alloys, and thus all 
statements contained in this report In regard to forgeatllity and 
machinabillty must "be considered as relative to other similar high- 
strength alloys. 

The reader will note that most of the alloys described here in 
have^ been han dled only on an expe rTi oental basis . The manufacturer^ 
therefore/^in describing'^an allolTas commercially forgeable and 
machinable > may not have been able to take into account the diffi- 
culties that might be encoimtered if that alloy is .produced on a 
"tonneiga" basis. 

In every case . t he data presented in this report ar e the result s 
of a seriea of test ^ "on one part icular hea t of all oy vith o ne perticu^ 
laS^'^cu ence of ti^atments . It is intended that thin report be only 
a factual^'presentation of test results plus comments on workability 
supplied by the manufacturers. In the materials obtained from small 
experimental induction heats , it should bo recognized that production 
heats processed under commercial practice may have a different level 
of properties. 

In those cases where erratic stress versus rupture -time data were 
obtained, the sample maj have been nonunlfora. There are, however, 
certain alloys In which a scatter of results is characteristic of the 
material and is believed to be associated with structural changes in 
the metal during testing. The agreement between the duplicate tensile - 
test results Is a good measure of the uniformity of the material. For 
this reason the individual test results have been used in Figures 1, 
2y and 3. 

The dimensions of the test specimens v.sed in the investigation 
are given in Figure 4 on page 255. The rupture test specimen was 
arbitrarily selected by the Subcommittee as being of convenient size 
to use in makir^ a large number of tests. These specimens were taken 
from the bar stock. at a point midway between the center and surface ♦ 

The test3 were run in accordance with ASTM recommended procedure 
for tension testing at room temx3erature and at elevated temperatures, . 
The yield strengths and proportional limits were obtained from stress- 
strain curves plotted from strain* data obtained with an extensometer 
system having a sensitivity of 0.000003 inch per inch in a. two-inch 
gELge section. 

In a few cases the tensile properties are incomplete because 
insufficient bar stock was available for the necessary specimens. 



ANALYSIS OF DATA 



The objective of the investigation was to develop metals with 
a combination of high nipture strength at 1200^ F. and high yield 
strength at room temperature. . 

The most important factor in determining the yield strength 
appeared to be fabrication procedure* Variations in chemical com- 
position did not seem to have much effect except for carbon content 
in such alloys as 19-9W-Mo. With one exception, yield* strengths at 
room temperatui^e in excess of 100,000 pounds per square inch com- 
bined with high rupture strength at 1200^ F<, w^re developed only by 
mechanical working of the metal at interaediate temperatures. This 
"hot -cold" work also resulted in an increase in rupture strength at 
1200^ F. over that of the annealed condition. The possible range in 
both yield and rupture strengths of a given nominal composition 
resulting from variations in the fabrication procedure was generally 
more than that caused by wide differences in chemical composition. 

The data presented in this report indicate that the effects of 
variations in fabrication procedure may be summarized as follows: 

1. There appears to be an optimum amount of "hot -cold" work 
for each analysis at each temperature. 

2. The highest properties are probably associated with the 
optjiQum amount of "hot -cold" work at some one temperature 
for each analysis, 

3. The thermal history, particularly the inclusion or omission 

of a solution heat treatment, appears to affect the properties. 

Variations in properties are apparently caused by differences 
in fabrication procedures for the following reasons: 

1. Most of the alloys are subject to complex structural reactions 
of the precipitation hardening type which, in part, contrel 
the prepertieSft 

2. The strength properties are also influenced by the amount of 
strain hardening obtained by "hotrcold" work. 

3. Variations in the amount and temperature of "hot -cold" work 
and in the times, teinperatures, and sequences of thermal 
treatments result in variations of the structural reaction 
characteristics and residual strain hardening. 



4 In addition to the atove factors, there probably are addi- 
t?o^l vacations which the data given in this report have 
not taken into consideration, 

Ko syetematic variation in properties with variations ^J^^^- 

the modifications of these alloys also has as high or higher 
properties. 

2 Tov alloyed materials designated as 19-9W-Mo and 4Mn-18Cr.4Nl 
ty^es and their modifications. These had very high rupture 
strengths, but somewhat low yield strengths. 

3 A heat-treatable alloy designated as Age Eardenable Inconel. 
This alloy was the only one found to develop high rupture 
SrenSi Ld high yieM strength without mechanical working 
at intermediate temperature. 

It is important that the following factors be considered in 
appraising the above outstanding alloys: 

1. Other alloys may develop equal or better properties under 
the proper, but as yet unknown, fabrication procedure. 

2. It is not known whether the reported P^^f f g?"^f ""^^ 
ultimate which may be obtained in the outstanding alloys. 

^ The decree of reT>roducibillty of their properties, particu- 
l^ly f^wheel forgings, is unknown except for such alloys as 
1S25-S in which considerable pi^duction experience is 
available . 

4. Most of the alloys in the lists have been handled only in 
small experimental heats as bar stock. 

5 With the exception of Age Hardenable Inconel, the high yiel^ 
strenShs were developed by approximately 25 percent^reduction 
£ SSa by rolling at 1200 to 1700° F. Because of their good 
SgS^^n^eratire strength, these alloys ^e . f -f-^,^° 
delormatlon in this temperature range. It will ^^^^^^^^f ' 
therefore, to obtain this aiBOunt of reduction in commerxcal 
practice. Certain of the samples were prepared bj ^^^thods 
which were, possibly, more representative of ordinary com- 
mercial pr^ciice than the alloys giving the nlghest strength 



propei-«tie8. For this reason the lower properties of such 
apparently less promising alloys nay te more representative 
of those which can be obtained by ordinary connrercial 
practice . 



List of Alloys 

Alloy Page 

Allegheny Ludlum S495 12 
Steel Corporation 

S497 14 

AM 16 

BM 18 

Ticonium 1014 20 

Crucible Steel Company of 

Aiae^^ica Halcomb 217 22 

4274 24 

4276 26 

4277 28 

4273 30 

4480 32 

4481 34 

4275 36 
234 -A-5 38 

4237 40 

Bezlstal VB 42 

Carnegie -Illinois 

Steel Corporation L2-T1 44 

L2-T2 46 

L2-T3 48 



L3-T1 
L3-T2 
L3-T3 



50 
52 
54 
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List of Alloys (Cont'd.) 





Alloy 


Fag 


Carnegie -Illinois 


2605 


, 56 


Steel Corporation 


2606 


oo 


Cont*d. 


2G07 


60 




2608 


62 




L4 


64 




L7 


66 




Ll-Tl 


68 




L1-T2 


fU 




L1-T3 


72 


Irxtemational Nickel 


Age Hardenable Inconel 


74 


Com-pany^ Inc. 


NiiDonic 80 


f D 


Univer sal -Cy c lops 


17W-Annealed 


78 


Steel Corporation 


17W-Kot Eolxed 


OU 




17W-"Cold" Worked 


82 




17W-Hot Worked 


84 




17W-"Cold" Worked (E1644) 


86 




17W-IM 


bo 




17W-C'b 


90 




Low Carton 17W-Annealed 


92 




Low Carbon 17W-Hot Worked 


94 




Low Carbon 17W-"Cold" Worked 


96 




Timken 16-25-6 Annealed 


yo 




Timken 16-25-6 Hot Worked 


100 




Timken 16-25-6 "Ccld" Worked 


102 




Gaxmua Columbium -Annealed 


104 




GanirDa Columbium-Hot Rolled 


106 




GamiDa Columblimi-Hot Worked 


108 




Gairana Coluri]biinn-"Cold" Worked 


110 




Non -magnetic 


112 




S-447 


114 



I- 



Unive r aal -Cyc lops 
Steel Corpcation 
Cont'd. 



Union Carbide and 
Carbon Research 
Laboratories, Iho. 



List of Alloys (Cont'd.) 

Alloy 

R-1038 Annealed 
R-1038 "Cold" Woi'lced 

18- 14 S-lfo 

19- 9 W-Mo (B7030) 
19-9 W-Mo (E1802) 
19-9 W-Mo (E1956) 

19-9 w-Mo HC2 

19-9 W-I40 M 

19-9 W-Mo i 

19-9 W-Mo. 4M 

4 

9 

5 

5M 
5m 

1 

IM 
8 

8M 
2 

2M 
2MM 

6 

6M 

em 

E350 

1073-Annealed (H350) 
1073 (H350) 



Page 

116 
118 

120 

122 
124 
126 

128 

130 

132 

134 

136 

138 
140 

142 
144 
146 

148 
150 

152 
154 

156 

158 
160 

162 
164 
166 

168 
170 
172 



10 



List of Alloys (Cont'd.) 



Union Carbide and 
Carl)on Ee search 
Laboratories, Inc. 
Cont'd, 





Alloy 


Page 


H351 




174 


H357 




1 nc 
X lo 


H479 




I/O 


H496 




1 on 


H414 




lo2 


H35o 




184 


H412 




186 


H497 




TOO 

188 


H354 






H416 




1J2 


H417 




iy4 


H413 




iy6 


H41S 




TOO 

ibd 


H723 




200 


H480 




202 


H355 




204 


H413 




206 


H359 




208 


H4.39 




2.10 


H630 (Low carton GaiDma 
H631 Columblum) 


212 
214 


H624 
H625 




216 
218 
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List of Alloys (Cont'd.) 





Alloy 


Pacte 


Union Carbide and 


H626 


220 


Carbon Research 


H627 


222 


Laboratories, Inc., 






Hont * d ^ 


iio2o ^H419; 






H629 (H419) 


226 


Universal -Cyclops 


N153 -Annealed 


228 




JMXoo-aot worteed 




and Union Carbide 


N153-"Cold" Worked 


232 


and Carbon Reseai'oh 






Laboratories, Inc. 


N154 -Annealed 


234 




N154-Hot Worked 


236 




H154-"Cold" Worked 


238 




N155 -Annealed 


240 




N155-Hot Worked 


242 




Nl55-"Cold" Worked 


244 




N156 -Annealed 


246 




N156-Hot Worked 


248 




N156-"Cold" Worked 


250 
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NACA 



ALLOY 



8495 



MAFOFACTUHEE Allegheny Liidlum Steel Corporation 
CQt'iPOSITION 



OAB%Q, 0.56j2Si, 0.55%m, lZ.6B%Cr, 20.06^Ni, 
4:.14:%m, 3.36^ W, 4.59?^ Cb 

TEEATMSNT Melted in an induction furnace as a 30 pound heat; 

cast in 3 -inch square ingot and forged at 2200 F to 
0.9 -inch square bar. Cooled in air, reheated to 
1400° F and forged to 3/4 -Inch square bar. 

HAEMESS 290-294 Brinell 



TEIJSILE HiOEEETISS 



Temper- 
ature 
(°F) 

80 



1200 



Tensile 
strength 



Yield stress 
(Ib/sa 



in. ) 



(Ib/sg in.) 0,02% 0.2 



146,750 
147,750 

87,625 
75,000 



83,000 135,000 
80,000 136,000 

72,200 
.60,500 



ProT)ortlonal 

limit 
(I b/sq in.) 

35,000 
35,000 



37,500 
32,500 



Elongation 
( ^In 2 in.) 

6.0 

24,0 
23.0 



Reduction 
of area 
i%) 
30.7 
21.7 

34.3 
25.7 



STRESS -EUPTDES DATA AT 1200 F 

Stress Time for Elongation Reduction 
(Ib/sq In.) rupture {% in 1 In.) of area 
(hr) (fo) 



78,000 
70,000 
62,000 
42, 000 
32,000 
26,000 



0.13 
0.50 
1.35 
21.5 

200. 

854. 



11.0 
21.0 
26.0 
22.0 
15.0 
7.0 



24.5 
39.4 
40.8 
27.2 
16.1 
10.8 



Vickers Hardness: As received - 292 



After 200 hours at 1200° F - 294 



Alloy S495 continued 



STRESS-SUETUES ?K)PSETISS AT 1200° F 
(Estimated from plot of teat data) 

Tin© for Stress 
rapture (Ib/s^ in.) 



1 63,000 

10 47,000 

100 55,000 

1000 26,000 



COMMENTS SUPPLIED BY THE MAHUFACTUEEB 



FOBSEAEILiry After Initial forging can \>e hot-rolled and sutse- 
^uontly cold rolled or cold drawn successfully. 

MACEENABILITy Comuerclally machinable. 



t 
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KACA 



ALLOY S497 

MANUiACTUKSE Allegheny Ludl'ja Steel Corporation 



CQMPOSniOW 



TREATlfflNT 



0A2%C, 0.6l?2Si, OAlfoh^, 13,68^Cr, 19,50^ Ki, 
19.00^ Co, 3.84?SMo, 4.28?^ W, 4.41^Ct 

Melted in an electric arc furnace as a 10 ton heat. 
Cast in 900-pound ingot 8 inches square. Seated to 
2200° F and forged on hammer to 0.9-inoh scLiiare bar. 
Eeheated to 1400° F and forged to 3/4 -inch square har. 



HAEDKESS 



311 Brinell 



TENSILE PEOPEETIES 



Tem^o— T-ensile Yield stress Proportional Elongation Eeduction 
Sux^' "strength (IbMin.) llMt (??in2in.) of^a 
(O?) (Ib/eq in.) 0,02?^ 0.2^ (Ib/sq ^^') ^^'^ 



(hr) 



60 " 154,750 101,000 138,500 57,500 10.5 25.5 

152,500 102,500 136,'0O*-) 57,500 12.0 26.0 

1200 96,750 75,200 15,000 20.0 39.3 

103,625 89,800 15,000 22.0 25.9 

99,625 87,600 27,500 20.0 25.7 

STEESS-EUPTOEE DATA AT 1200° F 

Stress Time for Elongation Seduction 

(lb/s<i in.) rupture (f^ in 1 in.) of area 



88,000 0.38 11.0 29.3 

78,000 1.65 22.0 38.5 

50,000 60.5 10.0 6.1 

38,000 360. 11.0 12.6 

33,000 1099. 6.0 7.4 

Viclcers ^rdnesa: As received - 314 

After 1099 hours at 1200° F - o31 
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Alloy S497 continued 



STEESS-EUPTUEE EEOPEETIES AT 1200° P 
(Estimated from plot of test data) 



Tine for Stress 
rupture (l"bM in.) 

(hr) 



1 

10 
100 
1000 



80,000 
60,000 
45,000 
33,500 



FOECEEABILITy 
MACEENABILITr 



COMMSNTS SOPELIED BT THE MANUFACTUEEE 



Metal must be hot-fonged from the Ingot to a rela- 
tively BBall croas section before it can be hot- 
rolled or subsequently cold rolled or cold dravn. 

Comnercially aachinable . 



4 
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NACA 



ALLOY 



AM* 



I4"JWFACTiI[ISB Allegheny Ludlum Steel Corporation 



COMPOSITION 
TREATMENT 



HAPOTESS 



0.40^ C, 0.375faSi, 0.41^ Mn, n.Q5%Cr, 4.08^ Ni, 
2.62%lAo, O.OlSviP, 0.019?SS, 0.12^ Ng. 

Melted in en electric arc furnace in a 900 pound heat . 
Cast in a 7- Tsy 7 -inch ingot weighing approximately 
750 pounds . Ingot heated to ahout 2100° F and lolled 
to 5^- inches si^uara billet on a 2 high reversing 
blooming mill. Reheated and rolled on a 12 -inch rod 
mill to 0.94-inch square bar. Reduced at 1200 F to a 
3/4 -inch square bar. Annealed at 2100° F. and air cooled. 

209 Brine 11 



TEINCILE PROiERTISS 



Temper- 
ature 
(°F) 

80 



1200 



Tensile 

strength (Ib/sq in.) 
(Ib/sq in.) 0.02% 0.2% 



Yield stress Proportional Elongation Reduction 
liuit i%in 2 in.) of area 
(Ib/sq m.) ("A 



120,500 
121,500 

76,500 
77,000 



62,750 
60,000 



72,300 
70,000 

32,000 
33,500 



52,500 
42,500 

20,000 
17,500 



47,0 
40.0 

22.0 
22.0 



34.2 

32.3 

24.9 
25.5 



STRESS -RUPTIBE DATA AT 1200° F 

Stress Time for Elongation Reduction 
• (Ib/sq in.) rupture (^in 1 in.) of area 
(hr) {%) 

65,000 0.42 11.0 15.1 

55,000 1.18 6.0 19,6 

35,000 29.7 1.0 1.0 

30,000 225.7 2.0 6.7 

27,000 312. 1.0 12.1 

Vickers Hardness: As received - 224 

After 312 hours at 1200 F - 429 
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Alloy AM continued 



STRESS -HJPTUEE EROEEKTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
rupture (ib/sq in.) 

(far) 



1 58,000 

10 42,500 

100 31, 700 

1000 23,400 



COMMEIKTS SUPPLIE]) BY THE MAHUFACTUESE 



FOKGESABILin Can be rolled either hot or cold with ease . Does not 
require forging at any stage. 

MACHIKABILITy In the austsnitic or annealed condition, machinahllity 
is about the same as for similar austenitic steels but 
in the hardened condition is extremely difficult to 
machine. Further study of heat treatment may improve 
this condition. 



OTHEE NOTES Metal is of interest for use in the cast condition. 



*Alloys AM and BM are from the same heat and differ only in 
procedure . 
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MCA 



ALLOY 



i3M* 



MyJlJFACTUEEK Allegheny L'Jdlirai Steel Corporation 

COl^OSITION 0.4052 c, 0.375?? Si, O.ilfo Mn, 17.835?- Cr, 4.05^ Ni, 
2.e2%Uo, 0.018?^ P, 0.0195b S, 0.12^N2. 

TKEATMEUT Melted in an electric arc fui-nace in a 900 pound heat. 

Cast In a 7- hy 7-inch in^ot weighing approxi:Tiate.ly 
750 pounds. Ingot heated to about 2100° F and rolled 
to si-inch square billet in 2 high reversing blooning 
mill? Eeheated rnd rolled on a 12-inch rod mill to 
0.94-incb square bar. Eeduced at 1200° F to a 3/4-inch 
square bar. 

EAEDNESS 418 Erinell 



TEIISILE H«)PSRPIES 

Temper- Tensile Yield stress Proportional Elongation Eeduction 
ature strength (ib/sqin.) limit (>tin2in.) of area 
(°F) (Ib/sq in.) 0.02% 0.2% (ib/sq In.) (f) 

207,000 



80 



1200 



IL6,250 160,250 
205^500 117,500 161,000 



87,500 
85,000 



13.0 
11.0 



96,500 
94,875 



75,500 45,000 



16.5 
17.0 



21.6 
11.7 



28.-4 
31.7 



STHSSS-EUPTUEE DATA AT 1200° F ** 



Stress Time for 
(Ib/eq in.) rupture 
(hr) 

60,000 7.16 
40,000 30.3 
30,000 153. 
20,000 G44. 



Slongation Eeduction 
(5S in 1 in.) of area 


13.0 10.3 

7.0 10-9 

13.0 11.0 

18.0 19.0 



Vickers Hardness: As received - 423 

After 644 hours at 1200^ P - 189 
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Alloy BM continued 



STRESS -RUPTUI® PSOEEETIES AT 1200° F 
(Eetimated from plot of test data) 

Time for Stress 
rupture (ib/sq in.) 

(hr) 



1 

10 55,000 

100 32,000 

1000 19,000 

C0MME3STS SUPPLIED BY TEE MAMUTACTUEEE 

FOEOEABILITy Can be rolled either hot or cold with ease. Does not 
require forging at any stage. 

MACHINABILin In the austenitlc or annealed condition, machinahility 
is about the saiDe as for similar austenitic ateels but 
in the hardened condition is extremely difficult to 
machine. Further study of heat treatment may improve 
this condition. 

OTHER NOTES Metal is of Interest for use in the cast condition. 



♦Alloys AM and BM are from the same heat and differ only in processing 
procedure , ^ 

**Eupture test specimens for this metal were 0.300-inch diameter with 
a 1-inch gage length. 
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KACA 



ALLOY 



"Ticonium" (1014) 



MAKUFACTUESR Allegheny Luaium Steel Coi^oratlon 



COMPOSITION 



TRSATMEOT 



O.OaS^C, 0.272?^ Si, 0.80% Wi, 22.96?;; Or, SS.OO^-^Ni, 
30.84^iCo, 5.Ql%lto, 0.008^ P, O.OUJ^S 

Melted in electric arc furnace, cast in 6- by 10-inch 
ingot weighing 358 -poaacLs. Heated to 2150° F and forged 
to a 1-inch square bar. Reheated to 1400° F^and forged 
to 3/4 -inch square bar between 1400 and 1200 F. 



HAEffiJSSSS 



385 Brinell 



TE2ISILS PEOPSRTISS 

Tenroer- Tensile Yield stress Proportional Elongation Reduction 

at^ strength (Ib/sq in.) lin.it ( ?Sin 2 in.) of area 

io"" 182, 250"" 126, 500 16l7250 "90,000 15.0 49.3 

183,750 131,000 165,000 100,000 15.0 49,5 

1200 117.125 92,500 20,000 6.0 15.0 

12l',500 100,000 25,000 2.0 14 ..3 



STRESS -RUPTURE DATA AT 1200° F 

Stress Time for Elongation Reduction 
(Ib/sq in.) rupture ( ?i in 1 in.) of area 



(hi*) i%) 



100,000 1.37 6.0 .9.7 

87,000 3.68 2.0 7.8 

60,000 86.0 4.0 3.8 

50,000 113. 7.0 8.5 

42,000 210. 5.0 7.2 

33,000 967. 3.0 7.3 



Viclcers Hardness: As received - 382 

After 967 hours at 1200° F 347 



Alloy "Ticonlum" (1014) continued 



STRESS -HJPTUKE PROEERPIES AT 1200^ F 
(Estimated from plot of test data) 

Time for Stress 
rupture (llD/sq in.) 

(hr) 



J. 



100,000 
84,000 
52,500 
1000 33,000 



10 84,000 
100 52,500 



COMMENTS SUPPLED BY TEE MAITUFACTCJEEE 



FOEGEABILITY Extremely difficult to forge. Eeq^uires special 
technique and a number of reheat ings. 

MACHIKABILITY Difficult to machine tut can "be machined with 
regular high speed tools. 
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NACA 



ALLOY 



Halcomb 217 



MAKUFACTOTER Crucible Steel Company of America 

COMPOSITION 0.58^ C; 1.08% Si, 0.5A% hia, 1.56% Cr, T .67% W 

TEEATME2?T Melted In a commerical arc furnace, 12-inch square 
fluted ingot. Alloy was haramer cogged at 2050 to 
2100° F to 65 inches square, reheated and cogged to 
4- inches square, then annealed. Mill recogged at 
2000 to 2050° F to l| inches square, annealed and con- 
ditioned. Hammered at app3X>ximately 1950° F to a 
3/4-inch square "bar. Annealed by slow cooling from 
1650° F. Normalized at 2050° F for 3 minutes, then 
drawn at 1300° F for 1 hour. 



HAEDHESS 



330 Brinell 



TENSILE EROEEETIES 



Temper- Tensile Yield etress 

ature sti'ength ( lb/ sq in . ) 
(°F) (Ib/sq in.) 0.02^ 0.2^ 



Proportional Elongation 
limit ( ^in 2 In.) 
(Ib/sq in.) 



80 



1200 



173,500 
174,500 

53, 125 
47,625 



305,000 122,000 92,500 

106,000 128,000 90,000 

37,500 10,000 

36,500 10,000 



11.5 
12.0 

40.5 
41.0 



Reduction 
of area 

17.7 
19.5 

79.5 
77,3 



STRESS -EUPTURS DATA AT 1200° F 

Stress Time for Elongation Reduction 
(Ib/sq in.) rupture ( %1d. 1 in.) of area 
(hr) (?^) 

40,000 0.58 36.0 74.4 

34,000 1.50 46.0 76.8 

20,000 72.0 42.0 47.4 

15,000 163. 50.0 49.7 

13,000 243. 29.0 41.0 



Vickers Hardness: As received - 362 

After 243 hours at 1200° F - 259 



Alloy Halconib 217 continued 



STEESS-RUPTUEE PROEEETIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
rupture (IbAa in.) 

(hr) 



1 37,200 

10 29,000 

100 18,000 

1000 7,900 



COMMENTS SUPPLIED BY THE MANUFACTUHSE 



FORGEEABILITY About equal to 18-4-1 high speed steel. 
MACHHiABILITY Commercially machinahle . 



24 



NACA 



ALLOY 4274 

MAmJ]?ACTUi?EE Cr'Jici'ble Steel Corapany of America 

COMPOSITION 1.06^0, 0.30?? Si, 0.59% Mn, 15.18% Cv, 12.87?? Ki, 
0.62!?^ Mo, Z.1B% W 

TKElATl'lEilJT 30 pound induction furnace ingot. Forged 1950- ^ 

1900° F to 3/4 inch square. Cooled to 1300-1200 F 
and finished with a few blows. 

HASDHESS 300 Brine 11 

TB3TSILE PE0PE5TIE3 



Temper- Tensile Yield stresi 
ature strength (ib/sq in.) 



80 



lEOO 



148,000 81,000 107,500 
148,125 79,000 106,000 



93,750 
97,750 



71,250 



limit 
(ih/sq. in.) 


{%ln 2 in.) 


of area 
(^) 


52,500 


17.5 


25.8 


52,500 


17.0 


23.0 


45,0;0 


16.0 


18.4 


50,000 


5.0 


10.7 



STRESS -EUPTUKE DATA AT 1200° F 

Stress Time for Elongation Reduction 

(Ib/sq in.) rupture (??in 1 in.) of area 

(hr) {%) 

80,000 1.42 5.0 6.2 

75,000 3.32 4.0 4,9 

50,000 108. 6.0 10.9 

40,000 337, 6.0 8.5 

37,000 401. 6.0 6.2 



Victors Hardness: As received - 318 

After 401 hours at 1200° F - 352 
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Alloy 4274 continued 



STESSS-SUPTtTIJE PK)PERPIES AT 1200° p 
lE'^timated from plot of test data) 

Time for Stress 
rapture (lVo4in.) 



1 ■ 82; 000 

10 69,000 

100 51,000 

1000 31,500 



C0MME3ITS SUFFLIRD BY THE Mi\FJFACTUHEE 



FOBOEABILITY Forged without difficulty as a saall irjiuction heat. 

Kg Infontation on forgeability of commercial heats. 

MACHIKABILITY Metal turned and threaded vlth difficulty. 



4 
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ALLOY 4276 

MAKUFAGTUJES Cnxcible Stsel Conpany of Ansrica 
COMPOSITICK 



TKEATI'SHT 



HAEDKSSS 



CM ^ U— 

J°£>- 
eo" 

1200 



0.5Z%C, 0.4552 Si, 12.34^ Mn, 20.39fo Cr, 1.88,^W, 
2.31^ Mo 

30 pound induction furnace i-a;3ot. Forged 1950-1900° F to 
3/4 inch tv.pisre. Cooled to .1500-1200° F and finished 
with a fev blows. 

280 Brinell 

TENSILE PEOPERTIES 

Tensile Yield stress : 
sbvength (ib/^^ ^^-^ 



"133.750 57,500 95,125 
135,750 45,625 87,500 



51,500 
56,000 



38,125 
38,000 



i'liit 

/nc in.) 


{ ^in 2 in.) 


of area 


27,500 


15.5 


24.1 


22,500 


14.0 


16.3 


15,000 


40.0 


54.1 


12,500 


24.0 


29.1 



STEESS-FJPTUBE DATA AT 1200° F 

Stress Time for Elongation Eeduction 
(Ib/sq in.) ru-oture ( %in 1 in.) of area 
(hr) 



45,000 
38,750 
28, 000 
20,000 



1.00 
6.55 
63.0 
498.0 



36.0 
45.0 
44.0 
35.0 



46.0 

55.7 
53.7 
47.8 



Vlckers Hardness: As received - 291 

After 496 hours at 1200" F - 45.3 
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Alloy 4276 continued 



STP^iGS-HOPTirRE PBOJEKTIES AT 1200° F 
(j<]stiiij6,teA froju plot of test data) 

Titne for Stress 
rupture (ib/aa in.) 



1 45,000 

10 37^500 

100 26,000 

1000 18.000 



COl/iMSKTS SUPPLIED BY TES MA.TJFACTUEER 

FOEGEABILETI Forged without difficulty as a small induction heat. 

No information on forgoa^ility of coBmercial heats. 

MACHLTABILITY Metal turned and threaded without difficulty. 



28 



FACA 



AILOY 4277 

MAIlLTACTUiaE Crucible Stsel Company of Amsrica 

CO^rP0SITI0N l.OS^C, 0.59^Si, 12.Z4F/im, 2QA5fcCr, 2.22^ Mo, 
1.92?iw 

TESAT^SIIT 30 pound Induction fumace ingot. Forged 1.950-1900° F 
to 3/4 inch Bouare. Coolad to 1300-1200° F and 
finished vlth a fev tlovrs. 

EAE?IiKSSS 340 Brinsll 



T^^ilSILE PEOFERTIES 

Temt)er- Tensile Yield atrsss Proportional Elongation Reduction 
atuj-e strength (Ib/sq in.) Iteit (^in2in.) of area 



(-y) {V-'aq^ ir^O O^-^^ 0 .2% (lV ?o in.) 



eo 



1200 



151;, 000 63^000 102,500 
L56,500 65,000 102,200 



62,750 
81,250 



58,750 
68,750 



42, 500 
40,000 

35,000 
37,500 



2.0 
5.0 

16.5 
7.5 



1.9 
5.8 

20.6 
2.3 



STRESS -SUPTUEE DATA AT 1200° F 

Stress Time for Elongation Reduction 
(Ib/sq. in.) ru-oture in 1 in.) of are& 
(hr) (%) 

76,000 0.68 Tl.O 19.0 

68,000 4.33 25.0 27.7 

56^000 111.0 14.0 31.8 

50,000 139.0 16.0 22,4 

42,000 604.0 9.0 13.3 



Vickers Hardness: As received - 366 

After 684 hours at 1200° F - 467 



29 



Alloy 4277 continued 



STFESS-KJPKIRE PH)H;RPIES AT 1200° F 
(EstiiDiited froai plot of test data) 

TlJDe for Stress 
rupture (ib/sa in.) 



1 74,000 

10 65,000 

100 56,000 

1000 39,000 



COMMMTS SUPPLIED BY TEE MAKUFACTUEER 

FOEGS^iBILITY Forged without difficulty as a small induction heat. 

No infomiatlon on forgeability of commercial heats. 

MCHINABILITY Mstal turned and threaded with difficulty. 
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ITAOA 



ALLOY 4273 

MAIfJj'AC'rUBSS Crucible Steel CoaiDany of Aasrlca 

COMPOSITIOH 0.25% C, 0.51% Si, 3.98^ Ka, 13.41^ Cr, 4.10^ HI, 
3.11?JMo 

TREATMENT 30 pound induction furnace I'^iz^t. Forged 1950-1900° F 
to 3/4 inch sciuare. Cooled to 1500-1200'-' F and 
finished with a few "blows . 

HAPDIESS 256 Brinell 



Temper- Tensile 
ati'.re st-r-ensti 



T2SIfSILS PEOrEETIES 
Yield stress Proportional Elongation Eed.uction 



80 



1200 



70,250 
72,500 



L in.) 


Ijrait 


( fo in 2 in.) 


of ar 


0,2% 


(iVsj in.) 




96, efs 


55,000 


32.0 


42.8 


90,000 


55,000 


25.0 


24.1 


53, 750 


30,000 


34.0 


58.3 


55,000 


32,500 


27.5 


57.8 



STEESS-EUPTJEE DATA AT 1200'' F 

Stress Tiae for Elongation Eeduction 
(Ib/sq in.) rupture (J^in 1 in.) of area 





(hr) 






65,000 


0.77 


26.0 


48.3 


60,000 


2.57 


30.0 


51.0 


45,000 


90. 


32.0 


64.8 


40,000 


360, 


30.0 


62.5 


37,000 


782. 


24.0 


43.7 



Vlolcers Hardness: As received - 296 

After 782 hours at 1200° F - 317 



Alloy 4273 continued 



S?PSSS-RiJPTU5S PHOPERTIES AT 1200° F 
(Eatlaated from plot of test data) 

Tirae for St>^sa 
rupture (ibM in.) 

(irr) 



1 6i,000 

10 55, 500 

100 45 , 000 

1000 3G,000 



COMMENTS SUPPLIED BY TEE muUFACTUKER 



FOEGEABILITY Forged without difficulty a3 a small induction heat. 

No inforaatio:] on forge.Voility of coamercial heats. 

MACEETABILITY Metal turned and threaded without difficulty. 
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NACA 



ALLOY 4480 

MAHUFACTUSER Cn:'.clble Steel Company of Acsrica 

COMPOSITION 0.65;tc, 0.44^ Si, 4.24fo Mn, HAI^Ct, 4.055? Hi, 
3.05^^0 Mo 

TBEATMEHra 30 pound induction furnace I-uzct. FOrgsd 1950-1900° F 
to 5/4 inch ci^Miure. Coolod fco 1300-1200° F and 
flnishsd with a f3w tlowB. 

ffiiSnTESS 302 Erinell 

TEKSHE PEOESRPIES 



Temper- Tensile Yield stresi 

ature t-trength (ib/sq. in.) 

m /c,c •tn.l 0,02 5i 0.2 <^ 

so'" 



1200 



"14-5 , CC 10 63 , 750 89 , 700 
lcC,0V0 63,000 90,300 



76,750 
81,875 



49,600 
65,000 



lirsit ( 
./■-'T in.) 


^in 2 in.) 


of area 
(^) 


42,o00 


12.0 


13.0 


45^000 


14.0 


12.3 


20,000 


25.0 


38.2 


32,500 


18.5 


39.1 



STRSSS-EOTTUBE DATA AT 1200° F 

Stress Time for Elongation Reduction 
(Ib/sg in.) rupture ( in 1 in.) of area 
(lir) 



70,000 
65,000 
52,000 
45,000 
40,000 
40,000 



1.17 

4.30 
160.0 
427.5 

717.5 
1117 .0 



12.0 
9.0 
11.0 
11.0 
14.0 
9.0 



9.7 
7.3 
12.7 
11.4 
16.7 
9.7 



Vlcters HardneBs: As received - 338 

After 1117 hours at 1200^^ F -390 



Alloy 4480 continued 



STSHinS-HJPnrRE PROFESTIES AT 1200° p 
(EHtimatod fron plot of teat data) 

Time for Stress 
rupturs (it/aq in.) 

\h:r) 



1 



70,000 
65,000 
55,000 

1000 40_,000 



10 65,000 
100 55,000 



COMMENTS SUPPLIED BY TBE MANUFACTURER 



PORTABILITY Forged without difficulty as a snail induction heat. 

Wo informtion on forgeablllty of commercial heats. 

MACmmBILITY Metal turned and threaded without difficulty. 
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HACA 



ALLOY 4481 

MANUFAGTOSSR Crucible Stoel Ccnipany of AtDerica 
COMPOSITION 



TREATMENT 



0.89^0, 0.44^ Si, 4.21^ Ma, 17,65^ Cr, 4.05fo Ni, 
2.955? Mo 

30 pound induction furnace i.^gob. Forged 1950-1900° F 
to 3/4 inch square . Cooled -oo 1500-1200° F and 
finished with a few blows. 



HAEMESS 



331 Brine 11 



TENSILE PROHCETIES 



Temper- Tensile Yield stress Proportional Elongation Seduction 
ature strength (lb /sain.) li-nit (jginSin.) of area 

(°F) (Ic/^c in.) 0.02)0 0 .2^^ (.iVs cL m.) i%) 

80 iV9/)0~ ei'^OO 104,500 .47,500 9.5 S.3 

• 155.000 69,000 90,300 45,000 4.5 5.0 

1200 86,000 55,000 12,500 18.0 19.2 

79,125 58,000 12,500 21.0 32.1 



STRESS-HJPTUEE DATA AT 1200*^ F 



Stress Tine for Elongation Reduction 
(Ih/sq in.) rupture (jSin 1 in.) of area 
(hr) i%) 



70,000 


0.82 


14.0 


9.1 


65,000 


2.63 


25.0 


34.5 


50,000 


32.5 


32.0 


39.9 


43,000 


301.0 


14.0 


26.2 


43,000 


228.5 


29.0 


42.6 


36,000 


495.0 


24.0 


43.2 



Victers Hardness: As received - 360 

After 495 hours at 1200 F - 399 



Alloy 4481 continued 



STESSS-FfJPTUKS PEOPEKTIES AT 1200^ F 
(Eatiaatad froui plot of test data) 

Tim for StreGS 
ruptui-e (iVsq :?n.) 

ihr) 



1 70,C'..0 

10 56, (.;.') 

100 45,500 

1000 36,500 



COMMENTS ajPPLIUD BY TEE MAHUFACTOSEE 



FOEGEi\EILITr Forged vlthout difficulty as a smll induction heat. 

No Infonaation on forgeability of commercial heats, 

MACHIHA3ILITY Metal turned and threaded without difficulty. 
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MCA 



ALLOY 4275 

MAiroJ'ACTUKSB Crucible Steol Company of America 

COMFOSITION 1.085? C, 0.4-3?$ Si, 4.04^ Mn, 13.3^ Or, A.Oofolli, 
3. 00% Mo 

TEEATMEilT 30 -ooiind induction fumace -Ingot . Forgsl 1950-1900° F 
to 3/4 inch sfjuare. Cooled to 1300-1200^ F and 
finished with a few blows. 

HA5DKESS 326 Erinsll 



TSITE PE0PE]S2'IES 

Temper- Tensile Yield otress Prorcrtional Elongation Reduction 
atu-s strength (Ib/svii".) iinit ( ?Sin 2 in.) of area 

(°?) (IVq^ in.) 0.0:^>4 0,2% (ib/oa in.) 



80 



1200 



].54,000 60,000 94,650 
155,000 67,500 97,500 



90,000 
86, 000 



65,000 
63,125 



/.oa in.) 




(%) 


50,000 


7.5 


7.0 


47,500 


6.0 


5.8 


45,000 


15.0 


17.3 


40,000 


17.5 


13.9 



STESSS-HJPTUES DATA AT 1200' F 

Stress Time for Elongation Reduction 
(Ib/sq. in.) rupture {%in 1 in.) of area 
(hr) (%) 



80,000 
72,000 
52,000 
45,000 
42,000 



0.43 
1.95 
138.0 
641.0 
852.0 



15.0 
10.0 
14.0 
23.0 
10.0 



16.6 
12.1 
20.2 
24.5 
22.2 



Vickers Hai^ness: As received - 344 

After 852 honors at 1200° F - 421 
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Alloy 4275 continued 



STFESS-HOFT[JE!C P50ESRTISS AT 1200^ F 
(EstliBated from plot of test data) 

Time for Stress 
rupture (iV^l in,) 



(hr) 



V 



1 76 //jO 

10 64,;-vio 

100 54,u00 

1000 45,000 



COMI-EIWTS SUPPLIED BY TBS MAFaFACIUESE 



F0Rei\3ILri^Y Forged without dii^flculty as a small induction heat. 

Wo Infortaation on forgeability of conrajercial heats, 

MACHINABILITY Metal turned and threaded with difficulty. 



4 
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NACA 



ALLOY 234 -A-5 

MAKUFACrUISS Crucible Steel Company of America 
COMPOSITION 



THEATjyEITT 



0,38^ C, 0.30j^ Si, 4:.n%]^-i, 18.52^ Cr, 4.55^ Wi, 
1.35^Mo, 1.50o\J, 0.57^ Cb 

150 pound induction heat, ha-^rasred, finishing "cold" 
at about 1200° F and stress i.-elleved for one hour at 
1200° F 



EAEDNESS 



292 Brinell 



TENSILE PEOPSETIES 

Tem-Der- Tensile Yield stress Proportional Elongation Reduction 
ature strength (lb/si in,) liait (jginSin.) of area 
(°F) (r::/sq in.) 0.0?>! 0,2,^ (ib/.^l in.) (%') 



80 



1200 



151,000 
155,500 

78,000 
79,500 



87,500 106,000 62,500 

81,800 104,700 55,000 

65,000 30,000 

67,500 32,500 



13 «2 
22.5 

20.0 
IS. 5 



13.4 
31.1 

43.2 
44.7 



STRESS -EUPTCJEE DATA AT 1200" F 



Stress Time for 
(Ib/sq in.) ruxiture 
(hr) 



Elongation Reduction 
( ^ in 1 in.) of area 

(70) 



68,000 
62,000 
55,000 
50,000 
46,000 
45,000 
40,000 



0.34 
2.96 
54.0 
63.0 
231.5 
468.0 
535.0 



22.0 
18.0 
26.0 
27.0 
16.0 
18.0 
12.0 



49.2 
56.9 
60,0 
60.9 
46.5 
41.8 
39.0 



Viclcers Hardness: 



As received - 318 

After 535 hours at 1200° F 



- 315 



Alloy 234"A-5 continued 



STEHSS-EU-FlUKE PEOEEEriES AT 1200° F 
(Eatimted from plot of teat data) 

Tiine for Stress 
rapture (lb/so in.) 



1 ■ 65,!.:'0 

10 53.000 

100 50^000 

1000 39,000 



COl-SMEHtTS SOmjSD BY TE5 MAIIUFACTU3ER 



FOEGSABILITY Good'. 
K^CHIKABILITy Excellent . 
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KACA 



ALLOY 



4237 



mrJE'ACTUEER Cnicible Steel Company of America 

COMPOSITION 0.59% C, 1.4.4.% Ma, 26.37?2 Cr, 30.62^ Ni, 2.64^ Ti 

TKEAi'^vSSITT 30 pound induction fumaoe Jnsot. Forged 1950-1900° F 
to 3/4 inch square. Cooled to 1300-1200'"' F and 
finished vitii a few lDlo-ws. 

HAPniESS 249 Brine 11 



TEI^SILS FEOPSBTISS 

Temper- Tensile Yield strese Proportional Elongation Eeduction 
aturo sti-ength (Ib/sq in.) liult in 2 in.) of area 
J^L- (^-^/gg i^^-) 0-0^% 0 .2^;: -(Ib/g'-l in.) ifl 

80™ 123,250 76. o '5 96,1^5 ~tE,500 14.5 34.7 

126,750 77^200 102,000 62,500 18.0 36.3 



1200 



99,500 



84,375 32,500 



14.0 



19,5 



STSESS-EUPTrjIS, DAT.\ AT 1200° F 

Stress Time for Elongation Eeduction 
(Ib/sq. in.) rupture in 1 in.) of area 
(hr) (?:) 



88,000 
78,000 
68,000 
50,000 
42,000 
40,000 
35,000 



0.13 
0.28 
3.42 
51.5 
91.0 
136.0 
819.0 



14.0 
15.0 
15.0 
7.0 
4.0 
6.0 
6.0 



23.5 

33.4 
12.0 
12.0 
7.8 
8.5 



Vickers Hardness: As received - 267 

After 819 hours at 1200° F - 353 



Alloy 4237 continued 



STri^SS-IfoTTUS^ PROPERTIES AT 1200*^ F 
(Sstimtea. frojn plot of test data) 



Time for Strons 

rupture {ib/s:- in.) 
(hr) 

1 74 . ;v-o 

10 60^000 

100 45,000 

1000 34,000 



COMMENTS SUPPLIED BY THE I4AHUFACTUESE 



FOSCEABILITY Forged without difficulty as a small induction heat, 
Ko information on forgeability of commercial heats. 



MACEIMBILITy Metal turned and threaded without difficulty. 
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NACA 



ALLOY Eszietal VE 

MAtTUFACTUEEB Crucible Steel Company of An-arica 
COMPOSITIOII 



TRSATI^HIT 



HARDtlESS 



0.43?bC, 0.82^ Si, 0.25% 23.24°$ Cr, 4.79^Ni, 
2.70% Mo 

Melted in a coam-ercial elect:-ic arc fui-nace, 7-inch 
equare ingot. Eammer cogged aliout 1900 to 2000° F 

to a 2l-in.oh squai-e tillet with two or three reheatings. 

Then rolled at ahout 1900 to 2000° F to a 1-inch round 
tar.. Heated to 1400° F for 16 hours. 

332-377 Brine 11. , 

TENSILE PECFEETTES* 



Temper- 
ature 
(op) 


Tensile YieJ/i strsss 
strength (Ib/sq in.) 
(iVsq in.) 0.02y. 0.2,^ 


Proportional 

limit 
(Ih/sq in.) 


Elongat ion 
{ ^in 2 in.) 


Eeduction 
of area 

(?o) 


80 


170,000 73,500 105,600 


57,500 


0.5 


1.0 




164,000 65,000 103,500 


57,500 


0.5 


1.0 


1200 


74,000 41,000 


15,000 


17.5 


24.7 



STRESS -HJPTUEE DATA AT 1200° F 

Stress Tine for Elongation Eeduction 
(iWsq in.) rupture (?2 in 1 in.) of area 

(hr) (fo) 

65,000 0.30 20.0 16.7 

52,000 1.88 34.0 39.8 

30,000 56.0 51.0 45.7 

25,000 67.0 57.0 51.4 

20,000 193. 29.0 38.0 

Vlckera Hardness: As received - 435 

After 193 hours at 1200° F - 448 
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Alloy Rs^istal "VE continued 



STTESG-EJPTUKS PBOEEHTISS AT 1200° F 
(Satiniated fi'om plot of test data) 

TiEe for Stress 
rupture (To/s'l in.) 

(Hr) 



1 56, "iO 

10 43' C: : 0 

100 24,300 

1000 12,200 



COl'MEHTS SUPPLIED BY THE WiKTIFACTUESR 



FOSCHLABILriY About equal to AISI Type 316. 
M.\CHIlIABILn:T CoEmercially machinable. 



*Short-time tensile tests were made using an alley of the following 
analysis: 0.45^ C, 0.82 ^Mh, 23.38^ Cr, 4.78^o in, and 2.8^ Mo. 
The method of treatment was the same as given. Hardness value - 
403 to 397 Brinell. 
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NACA 



ALLOY L2-T1* 

ivlAlJUFACTUREn CarrBgie -Illinois Gtoel Corporation 

COMPOSITION 0.12/'JC, 0.50?? Si, 0.60f. Hn, 18.0^ Cr, 8.0?^ Ni, 2.0% 



TEEATMSIIT 



HAEDEESS 



Melted in i-aduction fxxrnace; 20 pound heat, 2--inch 
square ingot. Pressed or f-rged to 1-inch square har 
at 2050° F. Quenched in vv.y-.c tvom 2100° F. 

191 Brinell 



TSIISILE PEOEERTISS 

Teicper- Tensile Yield etresa Proportional Elongation Reduction 
atuL strength (llMin.) limit (^in2in,) of area 



1200 



' 100, 875 26,000 37,500 15,000 
98,750 25,000 36,000 15,000 



53,375 



23,000 7,500 



46.0 
43.0 

29 . 5 



62.5 
62.9 

3S.1 



STESSE-RUPTUH? DATA AT 1200 F 

Stress Time for Elongation Beduction 
(iWsq in.) ru.pture (j^in 1 in.) of area 
(hr) 



52,000 
50,000 
42,000 
35,000 
30,000 



1.15 
3.70 
43.0 

127. 

493. 



22.0 
2.0 
2.0 
4.0 
6.0 



30.3 
1.7 
7.3 

12.1 
6.2 



Vickers Hardness: As received - 191 ^ 

After 493 hours at 1200° F - 200 



45 



Alloy L2-T1 continued 



STEESS-SIJPTURS PEOPEETIES AT 1200^ F 
(Eatimated fron plot of test data) 

Ti2}e for Stress 
rupture (iV^ci in.) 

' (hr) 



1 52,C'jO 

10 4S;CvO 

100 37 /^'X) 

1000 27,000 



COMMENTS SUPPLIED BY THE MAMJITACTURER 



FOPG^.BILrrY Good 
MACHIWABILITY Good 



^Alloys L2-T1, L2-T2, and L2-T3 are from the same heat and differ 
only In the processing following hot work. 



4 
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riACA 

ALLOY L2-T2* 

^lM^U?ACTlJE!i]K Caracgie -Illinois Steel Corporation 

COMPOSITION 0.12% 0.50?b Si, 0.60%Wi, ie.O%Cv, 8.0%^i^ 2.0^ Cb 

THSATMENT Melted In induction furr^ce; 20 pound heat, 2|-lnch 

square ingot. Presaed or forged to 1-inch square tar 
at 2050^ Quenched into w:;.::er at 2100^ F. Area 
reduced 5% in one pass through rolling mill at 1200 F. 

HAEDI^ESS 199 Brine 11 



TeiD-per- 



Tensile 



TENSILE PEOPEETIES 
Yield stress Proportional Elongation Eeduction 



ature 


atreuj^th (ib/oq 
ilh/aq in.) O.Os';- 


ir..) 
0.2% 


liffilt 
(Ib/Bj in.) 


( ^in 2 in.) 


of area 


GO 


101,250 49,000 


65,000 


37,500 


40.5 


60.3 




105,750 49,750 


63,500 


32,500 


43.0 


65.1 


1200 


58,000 


50,000 


32,000 


16.0 


33.7 



STEESS-HJPTUBE mTA AT 1200° F 

Stress Time for Elongation Eeduction 
(Ib/sq in.) rupture ( ^ in 1 in.) of area 
(hr) 



56,500 1.07 8.0 21.2 

55,000 2.9 5.0 12.1 

45,000 54.0 1.0 2.5 

35,000 75.5 2.0 12.1 

33,000 149.5 2.0 3.8 

30,000 386. 2.0 0.0 



Vickers Hardness: As received - 204 

After 386 hours at 1200° F - 239 



Alloy L2-T2 continued. 
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STRESS -RUP'rrjRE PEOEERTIES AT 1200° F 
(Estimated from plot of teat data) 

Time for Stress 
rupture (it/sq. in.) 

(hr) 



1 56, COO 

10 • 52,000 

100 37,000 

1000 26,000 



COMMEINTS SUPPLIED BY THE MANUFACTUESE 



FOEGEABILITY Good 
MACHINABILITY Gtood 



*Alloys L2-T1, L2-T2, and L2-T3 are from the same heat and differ 
only in the processing following hot work. 
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NACA 



ALLOY L2-T3* 

KAirj?ACTU:REE Camogie -Illinois Steel Corporation 

COlffOSITION O.lJfo 0, 0.5C^, Si, 0.6C^ 1^, 18.0% Or, 8.0% Nl, 2.0% Cb 



TBEATMriT 



HAEDIJESS 



Melted in induction furnace; 20 pound heat, 2|-inoh 
square ingot. Pressed or forged to 1-inoh square "bar 
at 2050° I'. Quenched into vci-.er at 2100° F. Area 
reduced 10 to 12% in one pa,i.a through rolling mill at 
1200° F. 

223 Erinell 

GffiNSILS PE0PS5TISS 



Temper- 
ature 
(°F) 

80 



1200 



Tensile 
strength 



107,750 
110,500 

62,000 



m.) 


IjEDit 

(Ib/sq in.) 


in 2 in.) 


of area 

(fo) 


76,500 


30,000 


37.5 


57.3 


77,500 


40,000 


40.0 


63.4 


57,000 


42,500 


12.0 


31.1 



STEESS-EUPTUEE DATA AT 1200° F 

Stress Time for Elongation Eeduction 
(Ib/sq in.) rupture (% in 1 in.) of area 

(hr) 



60,000 
58,000 
45,000 
35,000 
30,000 



1.81 
3.61 
29.0 
92.5 
391. 



2.0 
2.0 
2.0 
1.0 
1.0 



12.1 
4.2 
6.1 
1.0 
3.7 



Victors Hardness: As received - 257 

After 391 hours at 1200° F - 245 
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Alloy L2-T3 continued 



STEESS-RIPTUiS PSOESRTIES AT 1200° F 
(EstiiBated from plot of test data) 

TliDe for Stress 
ruptuie (It/sq. in.) 

(hr) 



1 62, c ::o 

10 52,000 

100 37,000 

ICOO 26,000 



COMMENTS SUPPLIED BY THE MAUUFACTUSER 



FOECK^JJILI'IY Ck)OcL 
MCEIKABILITY Good 



*Alloys L2-T1, L2-T2, and L2-T3 are from the same heat and veiry oiay 
in the processing following hot work. 
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II.A.CA 



ALLOY 



L3-T1* 



MANliTACTUESE Carnegie -Illinois Steel Corporation 



COMPOSITION 
TREATMENT 

HARDNESS 



0.12^ C, 2.0fo Si, O.GO%m, IS.O^i Cr, 8.0^ Ni, 2.0% C\) 

Molted in induction fumabe; 20 pound heat, 2|-inoh 

square ingot. Prsseed or forged at 2050° F to 1-inch 
square bar. Quenched into v-cter from 2100° F. 

204 Brinell 



TENSILE PEOEEBTIES 



Temper- 
ature 
(°F) 


Tens ile 
strength 
(Ib/aq in. 


Yield atrefls 
(Ib/sq In.) 
) 0.02/^ 0.?.% 


Proportional 

limit 
(lb /so in.) 


Elongation 
in 2 in.) 


Reduction 
of area 
i%) 


60 


116,125 


33.750 46,500 


22,500 


44.0 


56.2 




113,875 


33,750 46,250 


20,000 


44.0 


55.7 


1200 


57,500 


30,000 


10,000 


38.0 


50.7 



STRESS -RUPTURE DATA AT 1200° F 

Stress Time for Elongation Reduction 
(ib/sq in.) nipture (J^ in 1 in.) of area 
(hr) (%) 



53,000 
50, 000 
42,000 
32,000 
28,000 



1.20 
4.51 
43.5 

160. 

577. 



18.0 
16.0 
6,0 
6.0 
4.0 



27.2 
20.7 
6.1 
9.1 
11.5 



Yickers Hardness: As received - 210 

After 577 hours at 1200° F - 215 
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Alloy L3-T1 continued 



STI-SSS-BUPTCRS PEOEESTIES AT 1200^ F 
(Satimated from plot of test data) 

TiEe for Stress 
rupture (Ib/sq in.) 
• jlir) „ 



1 54,')00 

10 4e,0i;0 

100 36^000 

1000 25,700 



COMMSISTS SUH>LIEa) BY THE MANU?ACTUI?EE 



FOIOABILITY Gkjod 
MACHINABILITY Good 



♦Alloys L3-T1, L3-T2, and 15-T?> are from the eajne heat and differ only 
in the processing following hot work. 
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NACA 



ALLOY L3-T2* 

MAMIF'ACTUIISR Carnsgie -Illinois Steel Corporation 

COMPOSITION 0.12^ C, 2,0^ Si, 0.60^ Mn, 18,0^ Cr, 8.0^ Ni, 2.0^ Ct 

TEEATI-lSrJT Melted in induction furnace; 20 pound heat, 2g-inch square 
ingot. Pressed or forged to 1-inch aq.uere Tsar at 2050° F, 
Quenched into water at 2100^' F. Area reduced 5^ in one pass 
through rolling mill at 12C:'^ F. 

HAEDHESS 228 Brinell 



TENSILE PEOEEBTIES 

Teioner- Tensile Yield stress Proportional Elongation Reduction 
aturo strength (liD/sqin.) limit (?iin2in.) of area 

(Oh') (n^/s^J.n.) O. ,0;: o 0.2^ (Ib/BCj in ,) . 



60 



1200 



118,750 58,500 15,500 40,000 
121,250 54,000 72,500 40,000 



59,875 



48,750 25,000 



40.0 
40.0 

26.0 



s52.2 
53.5 

45.2 



STEESS-EUPTTJEE DATA AT 1200° F 

Stress Time for Elongation Eeduction 
(Ih/sq in.) rupture ( ^ in 1 .in, ) of area 
(hr) 



58,000 
56,000 

45,000 
35,000 



1.55 
4.07 
34.5 
176. 



11.0 
6.0 
4.0 
1.0 



24.5 
17.2 
6.2 
2.0 



Viclcers Hardness: As received - 223 

After 176 hours at 1200° F - 261 
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Alloy L3-T2 continuad 



ST^^3S3-PTJPTI]HS ?E0mi?TIS3 AT 1200^ F 
(Sstimated from plot of test data) 

Time for Stress 
rupturo (IT^/wq in.) 
_Jilt:)_ 

1 60; 000 

10 " 55; 000 

100 38^000 
1000 27,000 



COMMENTS SUPPLIED BY TBE ^lATIUFACTUEER 



PCFxOniABITiITjr Good 
MCHIIIABILITY Good 



*Alloys L3-T1^ L3-T2, and L3-T3 are from the same heat and differ only 
in the treatment following hot work. 
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FACA 



AliOY 

MmTTACTUSER 

COMPOSITION 

TESAT^iSIilT 



HARDNESS 



Teuipor- 
aturo 

80 



1200 



L3-T3* 

Carmgie-Illinois Steel Corporation 

0.12*/ C, 2. Of. Si, 0.60'/ Mn, 18.0^ Or, S.Of&Ni, 2.0^ Cb 

Melted in induction furnace; 20 pound heat, 2l-inch square 
ingot. Pressed or forged to l-inch square bar at 2050° F. 
Quenched into water at 210C^ F. Ai'ea reduced 10 to 12^ in 
one pass through rolling mill at 1200° F. 

265 Brinell 

TENSILE PEOPERTISS 



Tensile 1 

strength ( 

(rp/sq in.) 0_ 

122,750 Ji 

127,000 T' 

67,000 



07 



in.) 
0,2^ 


liiait 
ilb/s^ in.) 


{% in 2 in.) 


of area 
ii) 


88,750 
93,000 


42,500 
42,500 


38.0 
33.0 


53.0 
55.2 


6?), 000 


37,500 


20.0 


42.2 



STKESS-EtETUEE DATA AT 1200° F 

Stress Time for Elongation Reduction 
(Ib/sq in.) rupture in 1 in.) of area 
[hr) (^) 



65,000 
63,000 
48,000 
38,000 
32,000 



1.10 
2,38 
50.25 

122.5 

538. 



18.0 

7.0 
1.0 

3.0 
2.0 



32.0 
19.5 
2.4 
1.0 
3.0 



Vickers Hardness: As received - 285 

After 538 hours at 1200° F - 273 
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Alloy L3-T3 continued 



STKESS-EUPTUHE PROEESTIES AT 1200^ F 
(Estimated from plot of test data) 



Time for Sti^ea 
rupture (Ib/sa in.) 



1 6f.;0G0 

10 . 5S,0G0 

100 41,500 

1000 28,700 



COMMEHTS SOPPLIEIl BY THE MAITOFACTUEER 



FOECSABILITY Good 
MACHIKABILITr Good 



•^Alloys L3-T1, and LS-TS are from th.e same heat and differ only 

in the treatment following hot work. 
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MCA 



AliOY 

MANUFACTURER 
COMPOSITION 

THEATMEIW 



2605 

Carnegie -Illinois Steel Corporation 

0.15^/bC, 0.2570 Si, O.SS^Mci, 15.0CP/b Cr, 32.00/oNi, 
S.OO-ybMo, 2.00^ W 

Melted in induction furnace; 30 pound heat,. Ingot pressed 
or forged to 1-inch, square 'oar. Initial forging doKe at 
2000 to 2.1.00° F. Final wording done at relatively low 
temperature in order to approach the kind of "cold work" 
desired. No further heat treatment. 



HAEDKESS 



238 Erir^ll 



TENSILE PHOrERTIES 

Tempei'- Tensile Yiel ?. stress Proportional Elon^jation Seduction 
ature strength (Ih/sq in.) liinit (yc in 2 in,) of area 
(0?) (lo/oq in .) 0,02^/c 0.2% (lb/.?q in.) (%) 



80 


120,000 


68,000 


82,000 


52,500 


30,5 


51.9 




123,750 


72,000 


88,750 


57,500 


27.0 


51.7 


1200 


87,500 




58,750 


55,000 


19.5 


24.3 




81,750 




52,500 


32,500 


15.0 


16.1 



STRESS-EUPTUEE DATA AT 1200° F 

Stress Time for Elongation Reduction 
(l"b/sq in.) rupture CJfc in 1 in.) of area 
[hr) i'/o) 

75,000 0.76 15.0 23.9 

70,000 1.20 14.0 16.8 

50,000 39.0 8.0 12.1 

40,000 146. 6.0 9.7 



Vickers Hardness: As received - 247 

After 146 hours at 1200° F - 233 



Alloy 2605 continuod 



STI3SS-5UPTUEE PROEESTIES AT 1200° I 
(Estimated from plot of teat data) 

Time for Stress 
rupture (l'b/s<l in.) 
(^'^•) 



1 73,500 

10 62,000 

100 43,000 

1000 28,500 



COMMEINTS SUPPLIED BY THE MAKUFACTTJEER 



FOSGE-ABILITY Fair 
MACHINABILITY Fair 
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NACA 



ALLOY 



2606 



MAirari'ACTIEER Carrisgie-Illinois Steel Corporation 



COMPOSITION 



TREATMENT 



O.lBfoC, 0.25^ Si, 0,85^^ im, 13, 
2.50^ Co, 3,005&xMo, 2.00^ W 



Cr, 32.00^ Ni, 



Melted in indviction furnace; 30 pound heat. Ingot pressed 
or forg3d to l-lnch sqviare I. nr. Initial forging done at 
2000 to 2100° F. Final wor -:ng done at relatively low 
temperature In order to appi-oach the kind of "cold work" 
desired. No ftirther heat treatment. 



HARDNESS 



201 Brinell 



TENSILE PROPERTIES 



Tenper- 
ature 

m 

80 



1200 



Tensile YiPl.rl stress 

strength (Ib/aq in.) 

{It/aq, in,) 0.02fj 0.2^ 

115,000 57,500 71,000 

112,500 61,000 70,000 



77,000 
76,750 



41,250 
48,500 



rroportional 

i^mit 
(Ih/gq. in.) 

50,000 
55,000 

25,000 
27,500 



Elongation 
in 2 in.) 



31.0 
36.0 

15.0 
11.0 



Reduction 
of area 
(^) 

55.6 
58.5 

17.3 
18.1 



STRESS-RUPTUKE DATA AT 1200° F 



Stress Time for 
(Ib/sq in.) rupture 
Vor) 

73,000 1.45 
58,000 4.58 

50,000 38.0 

38,000 211. 



Elongation Reduction 

in 1 in.) of area 
(^) 

10.0 9.6 

10.0 19.5 

10.0 9.1 

7.0 13.7 



Vickers Hardness: As received - 212 

After 211 hours at 1200° F - 224 



Alloy 2606 continued 



STI^n^SG-EIIPTURE PSOEEETIES AT 1200^ F 
^'Estiiuacea froiii plot of test data) 

Tirno for Streas 
rupture (l^/sg. in,) 



I 



n; 



1 75,500 

10 62,000 

100 42,500 

1000 29,000 



COM^BiTS SUPPLED BY THE MANLTACTtJEER 



F0E(2;abILI?Y Fair 
MACEINABILITY Fair 



60 



MCA 



ALLOY 2607 

MAIIUFACTliFSR Carnogie-Illincia Stoel Corporation 

COMPOCITION 0.30^0, 0.25^ Si, 0.85^ Mn, 13.00^ Cr, 32.00^ Ni, 3.00^ Mo, 

2.0C^ ¥ 

THEl'^LE'lT M^'jtsd irx Indtictlon furnace; 30 pound heat. Ingot pressed 
or rci>^ed to 1-inoh square bcr. Initial forging done at 
2000 to 2100^^ F. Final vcrlcing done at relatively low 
teiaperatm/e In order to approach tiie kind of "cold work" 
desired. Ro furtlior lieat treatraer.b. 

HAEDIIES3 231 Erinell 

lEKSILB PEOR0PTIE3 

Temper- Tensile YiBTd streea 
ature strength (•^-''^/si ^^^'1 



liioit 
(Ib/'&q In.) 


in 2 in.) 


of area 
(^) 


25,000 


28,0 


45.2 


40,000 


28.0 


44.0 


30,000 


14.0 


17.3 


32,500 


14,0 


14.8 



80 113,250 40,500 62,500 

119,750 53,500 78,000 

1200 81,500 47,500 

85,500 56,500 



STHS3S-EUPTURE DATA AT 1200° F 

Stress Tins for Elongation Reduction 
(Ib/sq in,) rupture {% in 1 in.) of area 
QirL- — — 

75,000 0,13 24.0 36.0 

6b, COO 7-73 2=0 6,1 

50,000 22.4 13.0 16.1 

35,000 666. 6.0 7.3 



Vickers Hardness: As received - 249 

After 666 hours at 1200° F - 227 



Alloy 2607 continued 



S'T^SS-FJ.PTTFE AT 1200^ F 

(Estlica'iisd froxn pj.ct of teat dat^) 

Tirje for Stress 
rupc-'-a (lb /so in,) 

V. ^- • / ■ 



1 P9;500 

10 GO ^000 

100 43; 000 

1000 31,000 



COMf.'iElWS SUIPLIED BY THS M^JJllFACTUEER 



FOHGE/iBILITY Fair 
MACniKAEILITY Fair 
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NACA 



ALLOY 

MAmJFACTUESR 
COMPOSITION 

TEEATMESKT 



2608 

Carnegie -Illinoie Steel Corporation 

0.30^0, 0.25^Si, O.B5f.l>fci, IS.OO^Cr, 32.00^ Ni, 
2.505^00, 3.00^ Mo, 2.00^W 

Melted in incluction furnace; 30 pound heat. Ingot 
pi-esEied or forged to 1-inc/a square "bar. Initial 
forging dcie at 2000 to 2100° F. Final working done 
at relativr.ly low temperature in order to approach 
the kind of "cold work" desired. No further heat 
treatment . 



HAKDHESS 



219 Brine 11 



Temper- Tensile Yield stress Proportional Elongation Eea.uction 
ature etz-ength {Ih/sq, in.) liTCit in 2 in.) of area 
(OF) {Ib/sa in.) O.Oef. 0.2^ (ib/sq. in.) ( ^) 



80 


122,250 
117,500 


6B;0C0 
60^000 


83,000 
76,500 


52,500 
45,000 


26.0 
24.0 


40.1 
39.8 


1200 


86,375 
88,250 




63, 500 
61,500 


35,000 
37,500 


11.0 
12.0 


13.1 
16.1 



STRESS -EUETUES MIA AT 1200° F 

Stress TlEe for Elongation Eeduction 
{ lb/so in.) rupture in 1 in.) of area 
___ _J_nr ) (^) 

78,000 0.12 23.0 21.2 

70^000 0.95 15.0 34.4 

66,000 2.80 8.0 16.7 

50,000 36.75 14.0 23.4 

33,000 1403. 6.0 9.1 



Vickers Hardness: As received - 223 

After 1403 hours at 1200° F - 240 
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Alloy 2S08 continued 



STHSSS -HJPPU5E ??.0t51KriES AT 1200° F 
(Estimated froui ijlot of test data) 

Tiiue for Stress 
rupture (iV**^^ i^*) 



1 70,000 

10 53,000 

100 44,600 

1000 34,000 



C0M>1SNTS SUPPLIED 3Y TBE MATrJPACTUEER 



FOEQEABILITY Fair. 
MACTuHABILITY Fair. 
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NACA 



ALLOY 



L4 



MA.NUFACTUHER Carnegie -Illinois Ctcel Corporation 



COMPOSITION 
HAR33NESS 



0.11-^C, 0.26^; Si, 0.67/oMn, 12.56f. Cr, 32.53^Ni, 
10.95';bCo, o.loiAo, 2.U?>W, 0.067 /-Na 

Melted in an iiia.uction furnace, 20 pound ingot. Hot 
forgsl to a^oout 1-inch ac^uare bar. Heated 1 hour at 
eOSG'-^ F and quenched in vater. Reheated to 1200 F 
and reduced in area approximately 10^ ty rolling. 

232 Brinell 



TET^SILS PL0PS3TIES 

Teiaper- Tensile Yield stress Pro-ortional Eloneation Reduction 
ature strength (ibMin.). UiBit ('^in2in.) of^area 



80 



1200 



115,500 66;e00 85,500 
115,750 72,200 89,000 



85,000 
85,250 



67,500 
65,300 



42,500 
40,000 

20,000 
27,500 



28.5 
27.0 

9.0 

12.0 



55 « 2 
57.3 

16.7 
17.7 



STRESS -RUPTURE DATA AT 1200 F 

Stress Time for Elongation Reduction 
(Ib/sq in.) rupture in 1 in.) of area 
(hr) (^^) 



76,000 
68,000 
47,000 
44,000 
35', 000 



0.95 
1,60 
22.0 
100,0 
493.0 



2.0 
1.0 
1.0 
3.0 
1.0 



15.1 
7.3 
9,7 
2.3 
1.0 



Vickers Hardness: As received - 247 

After 493 hours at 1200° F - 252 



Alloy L4 continued 



STP2:?S-I!IIPTTJR.7. EROPERTUCS AT 1200° F 
(Estlmatea f_r2a plot of test data) 

Tine for , Stress 

rupti-.c3 (iV^I in.) 

(hr) 



1 7 'J, 000 

-10 56,000 

100 42^000 

1000 32,000 



COMMSI'lTS S'JEPLISD BY THE M/^.mJFACTlTREH 



FOEQEABILITY Good. 
MA.CHIMBILITY Good. 
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NACA 



ALLOY L7 

JlANITFACToRER Carnegie-Illinois Steel Corporation 
COlvTOSITION 



TEEATK3I^r 



HAEDKESS 



Temper- 
ature 

60 



1200 



0.36^ C, 0,44^ Si, QAliom, 32.40^ Ni, 12.42^ Cr, 
3.82;&Mo, 2 ,51^ ¥, 9.55;o Co, .05^ 

Melted in an induction fur-ace, 20 pound ingot. 
Hot forged to about l-inch square "bar. Heated 
to 2C5G^ F for 1 hour ar-o water quenched.^ Re- 
heated to 1200° 1 and reduced in area IC^o by 
rolling. Air cooled. 

307 Brinell 

TEITSlUil TBOPEPTIES 

T-^nsile Yield stress Pror-ortional Elongation Reduction 
strength (ro/sqin.) ILnit ( ^ in 2 in. ) of area 
(rb/scL in .) 0.02^ 0.2^ (lh/p(i in.) Kj) 



144,250 107.000 12 7,000 S5,000 
151,000 106,300 130,500 90,000 



89,250 



77,000 



57,500 



17.5 
8.5 

4.5 



30.6 
21.6 

6.3 



STKEv^S-EUPTTIRE mTA AT 1200° F 

Stress Tliae for Elongation Reduction 
(Ih/sq in.) rupture (^o in 1 in.) of area 
(hr) (.-Q 



80,000 


.93 


1.0 


2.4 


72,000 


3.00 


0. 


0. 


50,000 


179.5 


4.0 


3.7 


45^000 


284.0 


1.0 


1.2 


40,000 


265.5 


4.0 


4.8 



Vickers Hardness: As received - 343 

After 565.5 hours at 1200° F - 274 



Alloy L7 continued 



STPESS-BTIPTURS PH0P3STIES AT 1200° F 
(Estimated, from plot of test dats ) 

Time for Stress 



1 ao.ooo 

10 1^5 ',000 

ICO 52,000 

1000 36,000 



COWiSrWS SUPPLIED BY THE M/UroFACTUEER 



FOHGEABILITy Fair. 
MACniNABII.ITY Good. 
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ALLOY Ll-Tl* 

MAMIFACTURER Carnegie- Illinois Steel Corporation 

COI^POSITION 0.30^0, 0.60^ Si, 0.50f.m, 13.0^ Cr, 33.0^ Ni, lO.SjS Co, 
3.5$^Mo, 2.1^ ¥ 

TEEATMEOT Melted in induction furnace; 20 pound heat, 2|-inch 
square insot. Pressed or forged to 
•bar at 2050° F. Quenched into water from 2100 j! . 

HARDNESS 197 Brinell 



TEM3ILS PROPERTjIIS 

Temper- Tensile Yield stroea Proportional ^^^ngation ^-efottj^n 

atu_^e strength (lo/sa vn ) l.mit (^in..n.) of area 

(OF) (iVsq in,) 0.0?£ _0.2f^_ Oi-'/li..inJL - -^'^ 

80 ■ 113,325 37 ,500 54,500 ^;0,000 

114,625 45,500 54,500 37,500 



1200 



82,500 
86,500 



42,500 
42,500 



20,000 



36.0 
35.0 



12.0 
13.0 



70.1 
52.8 



15.2 
4.1 



STEESS-EUPTURl DATA AT 1200° F 

Stress Time for Elongation Reduction 
(It/sa in. ) ^'^ "'^ ^ 

6.0 • 



70,000 
65,000 
50,000 
40,000 
35,000 



0.97 

4.10 
28.5 
135. 
589. 



16,0 
11.0 
11.0 



10.8 
12.1 
22.7 
8.5 
14.5 



Vickers Hardness: As received - 261 

After 589 hours at 1200° if' - 234 
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Alloy Ll-Tl continued 



STS5SS-HTJPIW5 PROPERTUS AT 1200° F 
(Eetimatsd from plot of test data) 

TiTX'9 for Stress 
ruptv.ra (iV^Q. 

1 70,000 

10 53,000 

100 43,000 

1000 32,500 



COMMSTJTS SIPPLIED BY THE M.W.TFACTUHER 



FOEGMBILZrY Fair. 
MACHHIABILITY Fair . 



*Alloys Ll-Tl, L1-T2, and L1-T3 are from the same heat and differ 
only in the processing following hot work. 
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MCA 



ALLOY 



Ll-T2^ 



MANUFACTURER Carnegie -Illinois Steel Corporation 



COMPOSITION 



TRECATMEin: 



0.30^^ C, O.eCioSl, 0.50^ Mn, IS.OjS Cr, 33,0^ Ni, 
10.5^/b Co, 3.5^0 Mo, 2.1^ W 

Melted in induction furnace; 20 pound heat, 2^- inch 
square ingot. Pressed or foi'ged to 1-inch square 
bar at 2050^ F. Quenched into water from 2100^ F. 
Area reduced 5^^ in one pass through rolling mill at 
1200^ ¥. 



HARDNESS 



251 Brinell 



TENSILJi; PROPERTIES 



Temper- Tensile Yield stresi 
ature strength (Ih/sqin.) 
(Oj) (iVsq in.) 0^2£ 0.2^0 



Unit 
(ib/sii in. ) 




in 2 in. ) 


Ox area 

ii) 


55,000 




28.0 


31.5 


60,000 




22.5 


38.5 


45,000 




5.0 


6.6 



80 124,250 73,000 91,000 
129,875 82,000 102,000 

1200 95,125 82,500 



STRESS-RUPTURE MTA AT 1200° F 

Stress Time for Elongation Reduction 
(Ib/sq in.) rupture in 1 in.) of area 
Qw) . {4^ ■ 

72,000 1.42 1.0 S.7 

65,000 5.03 1.0 3.8 

50^000 84.0 3.0 4.3 

40,000 344. 6.0 6.7 



Vickers Hardness: As received - 262 

After 344 hours at 1200° F - 251 
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Alloy L1-T2 continued 



STRESS-HUPTORE PROPERTIES AT 1200° F 
(r'stlmted from plot of test data) 



Time for 

OirL. 

1 

10 
100 
1000 



stress 
(Ib/sq in.) 



7A^000 

e^.^ooo 

^6,500 
33,500 



C0JC4EHTS SUPPLIED BY TEE l^TJFACTURER 



FORGEABILiry Fair. 
MP^CHIHABn^ny Fair. 



♦Alloys Ll-Tl, L1-T2, and L1-T3 are from the same heat and differ 
only in the processing following hot work. 
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NACA 



ALLOY L1-T3* 

mNU?ACTUESR Carnegie-Illinois Steel Corporation 

COICOSmON O.SC'ji C, 0,60^ si, 0.5C^/. m, 13.0^ Cr, 33.0^ Ki, 
10.5;& Co, 3.5^i Mo, 2.1;i; W 

TEMTMEJIT Melted in induction furns,ce; 20 pound heat, 2-|-inch 

equa-^'o ingot. Pressed or forged to 1-inoh square "bar at 
2050° F. 'Qusnchsd into vater from 2100^5 F. Area reduced 
10 to 12 5b in one pass through rolling mill at 1200° F. 

HARDNESS 291 Brinell 



TiSJEILE PR0P5OTIS3 



Yisld cbress Prc-ortional Elongation Reduction 

( in 2 in. ) of area 
(>) 



Tenper- Tensile 

aturs streng-h (iV's^ ) li"^^^ , 

80 U-3,250 102,000 125,000 70,000 

142,750 102,500127,500 72,500 



1200 101,875 



90,625 55,000 



17.0 
17.5 

5.5 



32.1 
38.4 

9.7 



STEESS-RUPTURS DATA AT 1200° F 

Stress Time for Elongation Reduction 
(Ib/sq in.) rupture (J*, in 1 in.) of area 



60,000 

75^000 
68,000 
50^000 
40,000 




3.0 

3.0 
2.0 
4.0 
4.0 



4.8 
2.3 
4.8 
3.7 
3.7 



Vickere Hardiv3SS! As received - 315 

After 538 hours at 1200° F - 277 
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Alloy L1-T3 continued 



SI'PJSSS-ETJPT'URE PROPERTIES AT 1200° F 
(Estimated f^om plot of test data) 

Time for Stress 
ruptvare (Ib/eq in.) 



X 74- ,000 

10 62^000 

100 50 ' 000 

1000 37 j 000 



COMSdENTS SUPPLIED BY THE MANUFACTUEER 



FORGEABILITY Fair. 
MACHTMBILITy Fair. 



♦Alloys Ll-Tl, L1-T2, and L1-T3 are from the same heat and differ 
only in the processing following hot work. 
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NACA 



ALLOY Age Hardenatle Inconel 

FiAMJFACTURER International Kickel Company, Inc. 

COMPOSniON 0»03f, C, 0.52fi Si, O.d^Mn, 0,10^ Cu, 74.82;;^ Ni, 
14,40^ Cr, Al, 2.77f^ Ti, 6.17^ Fe, .007^ S. 

TRmTMEIJT Hot-rolled 7/3- inch, round tar. Heated 2 hours 
at 1950^ F and water quenched. Aged 16 hours 
at 1300O F. 

HARDNESS 308 Brinell 



Temper- 
atuT'e 

80 



1200 



TENSILE PROPERTIES 

Tensile Y?eld strera Proportional 
strength (It/oq in. } IL u-'iit 

(ibM i-^-) 0-0^% 0.2^5 (r)/f-: g. In.) 
178,500 107,500 119,000 70,000 
177,500 101,000 118,300 70,000 



123,500 
130,500 



106,600 
107,500 



50,000 
47,500 



Elongation Reduction 
(^g in 2 In.) of area 
(^) 



28.5 
27.5 

6.0 
7.5 



41.3 
38.9 

11.6 
10.3 



STRESS-EUPTURE DATA AT 1200° F 

Stress Tlrae for E-longation Raduction 
(Ib/aq in.) ruptui-e in 1 in.) of area 
(hr) 



110,000 
80,000 
60,000 
50,000 
45 ',000 
44,000 



.42 
4.85 
88.0 
288.0 
377.0 
490.5 



5.0 

4.0 

3.0 

1.0 

0. 

2.0 



12.1 
10.0 
13.2 
1.2 
1.2 
0. 



Vickers Hardness: As received - 330 

After 490.5 hours at 1200° F - 358 
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Alloy Age Eardenable Inconel continued 



STEESG-RUPTllRE PROPERTIES AT 1200O F 
(EstiinatecL from plot of test data) 

Time for Stress 
rupture (lb/so In.) 



(hr) 



1 103,000 

10 84, coo 

100 59,000 

1000 38,000 



COMMEKTS SUPPLIED BY THE MAITOFACTDEER 



FORGEABHITY Blllets to be forged should Ije heated rapidly to 

c.K.>.jKj cc^\.}- S2 an-j nou axxovea to "scale". The 
metal shou].d be charged into a furnace at tempera- 
ture and should not be bold longer than 1/2 hour 
aftur reaching tenperature. The heating furnace 
atmosphere should be slightly reducing. An excess 
of 2^0 C is recommended. 

The best heating temperature for forging is 2225 
±25^ F and working must be discontinued when the 
piece cools to 1900-2000^ F range. The metal must 
then be reheated for further forging. 

^ WW uaAo 11LC3 odx ±x*uilL uiie 

hot-working temperature to a black heat in less 
than thi'ee minutes. 

The 0.02^ offset yield strength at room temperature 
can be increased by as much as 50^ by heating to 
1200-1400^ F and. reducing 15^ under a hammer. 

Annealed stock has been cold formed at room tempera- 
ture without difficulty in standard dies and presses. 

MACHIKABILiry Machine with high speed or carbide tools at reason- 
able speeds such as must be used on any metal of 
similar hardness aiod yield strength. 
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NACA 

ALLOY Nimonic 60 

KAFbTACTuRSR Intermtioral Nickol Company, Inc. 



COMPOSITION 
TREATlylEMT 

HAEDKSSS 



0.04^ C, 0.495b J^i, 0.56^ Iln, 0.04^ Cu, 74.23^ Wi, 
21.16^ Cr, 0.63foAl, 2.44fo Ti, 0,38^ Fe, 0.005^3. 

Hct-rolled 1-inch round lH,r. Heated 2 hours at 
1950O F t-nd water q.uenched. Aged 16 hours at 
1300^ F. 

260 Brinell 



Temper- 
ature 

80 



TENSIXS PSOPEPTIES 
Yield i3treB3 Prcportional 



Tens-'le Yield utreea Prcport^ionai Beduction 
strength (Ib'^Gln.) limit Elonsation of area 
in.) 0.2^_0ji, ill/M^BA- i^i-lBSJ2d ^-Ml 



149,500 
153,000 

97,500 
93,000 



82,300 89,500 
80,200 83,800 



77,000 



76,800 

STRESS-RUPTURE DATA AT 1200° F 



75,000 


39.5 


39.3 


75,000 


36.5 


33.6 


30,000 


14.5 


20.8 


30,000 


9.0 


15.1 



Tire for Reduction 

Stress rupture Elongation of s.rea 
(ro/gq in.) (hr ) in 1 in.) . 



82,000 


0.22 


1.0 


73,000 


11.03 


8.0 


60,000 


68.0 


1.0 


5C,000 


227.5 


2.0 


44,000 


50.0 


1.0 


44,000 


376.0 


2.0 


42,000 


87.5 


3.0 


42,000 


252.5 


2.0 



9.7 
12.1 
1.8 
5.5 
0 

1.2 

2.4 
1.2 



Vickera Hardness: As received - 280 

After 252.5 hours at 1200° F - 308 
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Alloy 



f irimonlc 80 continued 



S^JGS-EU?TIIRE PEOPERTIES AT 1200^ F 
(Hatimated from plot of test data) 



Time foil' 

rupture 



(Ib/sq in.) 



Stress 



1 
10 
100 
1000 



73,000 
61,000 
49,000 
59,000 



COMMENTS 3LTPLIED BY TEE MP.m.T?ACTl3BER 



F0E&K\BILITy Billets to te forged shoiad be heated rapidly to 
2050 to ?350^ F aril not alleged to "soak". The 
metal should be ohar^^ed into a furnace at tempera- 



ture and should not be held longer than l/Z hour 
after reaching 1 3n7peratvire . The heating furnace 
atmosphere sho^^d be slightly reducing. An excess 
of 2^ C is reconEienied. 

The best heating temperature for forging is 2225 
±25^ F and working must be discontinued when the 
piece cools to 1900-2000^ F range. The metal must 
then be reheated for further forging. 

Provision must te made to cool the metal from the 
hot-worklrg temperature to a black heat in less 
than three minutes. 

The O.O25S offset yield strength at room temperature 
can be increased by as much as 50/^ by heating to 
1200-1400^ F and reducing 15^ under a hammer. 

Annealed stock has been cold formed at room tempera- 
ture without difficulty in standard dies and presses. 



MACHnTABILITY I4achine with high speed or carbide tools at reason- 
able speeds such as must be used on any metal of 
similar hardness and yield strength. 
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NACA 
ALLOY 



17W - Annealed* (B7i82) 



MAI\FmCTUPEli Universal-Cyclcp.'i Steel Corporation 

CO.IPOSITI0N 0.4'.^ C, 0.61^ Si, 0.6lfi Mn, 13.12^ Cr, 19.11^ Ki, 



TEEATMEITT 



EARDKESS 



Temper- 
ature 

80 

1200 



Melted in an electric arc furnace, 12,000 pound heat. 
I^r^ots ha^aor co^^ged. I.oUed at 2045/1800° F to 3/4- 
Inch a-iiuxro bar. Then air cooled from 2150 F. 

192 Brinell 

TEIIGILE FROPEnTrOSS 

Tenoile Yield atross Proportional Reduction 
strength (Ib/.^ inj limit Jl°ngation of^area 

109,000 34,000 48,200 
109,525 36,500 48,500 



70,000 
68,500 



28,000 
28^000 



25,000 


39.0 


44.6 


27,500 


39,0 


36.9 


15,000 


15.0 


15.7 


15,000 


19.0 


14.5 



STKESS--RTJPTIjEE DATA AT 1200° S 



Time for 
Stress rupture 
( Ib/aq in,) ( hr) 



55,000 
43 ',000 
35,000 
32,000 
30,000 



0.50 

n.2 

85.0 
641. 
741. 



Reduction 
Elongation of area 
i in 1 inj (i) 



6.0 

2.0 
2.0 
2.0 



12.2 
6.1 
1.3 
5.1 
2.5 



Vickers Hardness: As received - 206 

After 741 hours at 1200° F - 248 



Alloy 17¥ - Annealed continued 



STET^^SS-EITPTURS PE0P53RTIES AT 1200^ F 
(Estijnated from plot of test data) 



Time for 
ru"pt:ir9 
(hr) 



(ib/scL in. ) 



Stresu 



1 
10 

100 
1^00 



55^000 
44,000 
36,000 
29,000 



CO^MEIKTS SUPPLIED BY THE KWJFACTURER 



FORGMBILITY Used ae a standard for comparison vith other 

Universal- Cyclops alloys. More difficult than 
^^8.3" grades. 

MACHINABILITY Used as a standard for comparison with other 

Universal-Cyclops alloys. More difficult than 
"18-8" grades. 



^Alloys 17W, 17WH, and 17WA are from the same heat and differ only 
in processing. 



80 



NACA 
ALLOY 

I/IAKUFACTTJSER 
COMPOSmOII 

TREATMENT 



17W - Hot Eolled* (B 7182) 

Universal-Cyclops Steel Corporation 

0.4^ O.Sl^^Si, 0,6lfo Mn, 13.12^ Or, 19.13^ Nl, 
0.5^ Mo, 2.36/0 w 

Melted in electric arc furnace, 12,000 pound heat. 

Ingots haromer cogged. Rolled at 2045/1600O F to 3/4- 
Inch square har. Stress relieved ty soaking thru at 
1200"^ F. Air cooled. 



HARDNESS 



208 Brinell 



TENSILE PSOPERTISS 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sgln-X Elongation of ^rea 

(Op) (Ib/sq in.) 0.02^ 0.2?^ ( iVai In.) in 2 In.) (» 

80 110,000 43, 5C 

108,000 36, 2r 

1200 63,250 
64,750 



57,500 


27,500 


31.0 


40.8 


•56,250 


20,000 


33.0 


40.8 


33,500 


10,000 


32.0 


35.7 


33,500 


10,000 


31.5 


32.2 



STRESS-RUPTURE DATA AT 1200° F 



Time for Reduction 
Stress rupture Elongation of &rea 
(IbM in.) (hr) (^inlln.) (%) 



58,000 0.53 34.0 32.0 

53,000 1.92 24.0 26.7 

40,000 11.0 24.0 22.8 

35,000 41.0 25.0 30.9 

30,000 165. 24.0 26.7 

26,500 170. 22.0 28.7 

25,000 205. 26.0 34.5 



Vickers Hardness: As received - 219 

After 205 hours at 1200^ F - 200 
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Alloy 17W Hot Rolled continued 



STSSSS-SLTTUKE PEOPERTIES AT 1200^ F 
(Sotimated from plot of test data) 

Time for Stress 
rupture (iV^a in.) 



^hr) 



1 



56/300 
42,500 
30,000 

1000 21,000 



10 42,500 
100 30,000 



COMyiEITrS SUPPLIITD BY THE R^ilTOFACTURER 



FORGSAriLITY Use! as a standard for comparison with other 

Univeraal-Cyclops alloys. More difficult than 
"18-8" grades. 

MACHINABILITY Used as a standard for comparison vith other 

Universal-Cyclops alloys. More difficult than 
"18-8" grades. 



*Alloys 17W, 17WB, and 17WA are from the same heat and differ only 
in processing. 
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17W - "Cold" Worked* (Soiled at 1200^ F)(B7182) 

Univereal-'Cyclopg Steel Corporation 

0.40^^ C, 0.61^.81, O.eiiv^^, 13,12^ Cr, 19.13^ Wi, 
0.5^/^ Mo, 2.36?^ W, 0.030^;^o 

Melted in electric arc furnace, 12^000 pound heat. 
InsotB ha^ii'iier cogged. Rolled at 2045/l800^F to 7/8- 
inch square har. Rolled at 1200^ Y to 20,^ reduction 
in area. Stress relieved hy soaking thru at 1200^ 
Air cooled. 

335 Brinell 



TEI^RILE PROPEETIES 

Temper- Tensile Yield strena Prcportional Reduction 

ature strength {lo/sq, in.. ) liialt Elongation of area 

(^V) (Ib/sq m .) 0.0^^ 0.2!L L^-^ZillJjtlil In 2 in,) jj) 



80 


164,000 


102,000 


151,500 


62,500 


14.0 


23.7 




163,750 


121,000 


154,000 


65,000 


13.0 


23.7 


1200 


99,000 




72,000 


37,500 


6.0 


24.8 




100,375 




76,000 


30',000 


6.0 


9.7 



STRESS-EUPTURE DATA AT 1200° F 

Time for Reduction 

Stress rupture Elongation of area 
(iVsq in.) (hr) jj in 1 in.) jj) 



84,000 


0,43 


8.0 


7.3 


74,000 


1.18 


9.0 


10.9 


45,000 


50.0 


12.0 


13.3 


38,000 


70.5 


10.0 


6.1 


37,000 


129.0 


10.0 


17.8 


31,000 


176 5 


8.0 


6.2 


25,000 


456. 


9.0 


9.1 



Vickere Hardness: As received - 323 

After 456 hours at 1200° F - 250 



MCA 
ALLOY 

MAiroJACTURlR 
COMPOSmOW 

TREATMENT 
HARDNESS 
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All cy 17W - "Cold" Worked continued 



STEESS-PJJFITJES PECPISTIES AT 1200^ F 
(Sstimated from plot of test data) 

Time for Stress 
rupture (iV^^I ^i^. ) 
(hr) 



1 76,000 

10 57,000 

100 37'nr)0 

1000 20^500 



COxMMEETS SUPPLIED BY THE MANUFACTURER 



FOEGEABHITY Used as a standard for comparison with other 

Universal- Cyclops alloys. More diffloiilt than 
"18-8" grades. 

MACHINABILITy Used as a standard for comparison with other 

Universal-Cyclops alloys. More difficult than 
"18-8" grades. 



^Alloys 17W, 17WH, and 17WA are from the same heat and differ only 
in processing. 
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MCA 

ALLOY 

MAJTOFACTURER 
C0I4P0SITI0N 

TSEATMSITT 



17w-Hot Worked (Rolled at 1700^ F.)(B7436) 

Universal-Cyclops Steel Corporation 

0.48^ C, 0.47^ Si, 0.58^^ Mn, 13,33^ Cr, 19.10^ Nl, 
KOy 2.5570 W. 

Melted in electric arc furnace, 12,000 pound heat, 
Hanimer forged. Rolled at 2045/1800^ F to 7/8- inch 
square bar. Heated 1 hour at 2100° F and air cooled. 
Reh(5ated to 1700° F and reduced in area 23.74^ by 
by rolling. Stress relieved by heating through at 
1200° F and air cooled. 



HAEDKESS 



228 Brinell 



TENSILE PROPERTIES 



TeTtper- Tensile Yield stress 

ature Surength (ib/aq in.) 

(^F) {ro/ Bq, In.) 0,02/^ 0.2^ 

80 114,500 74,000 88,000 

115,000 75,000 88,000 

12^0 73,750 65,000 

72,250 58,000 



Proport ional Eeduct ion 

lirait Elongation of area 

(Ib/sq in,) (fo in 2 in.) jj) 



60,000 


32.0 


55.0 


62,500 


32.5 


54.7 


35,000 


10.0 


17.7 


32,500 


14.0 


21.1 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/s q in.) (hr) {% in 1 in, ) (f) 



63,000 


0.67 


10.0 


15.6 


55,000 


3.83 


4.0 


6.2 


45,000 


98.5 


3.0 


8.6 


40,000 


249.0 


6.0 


8.6 


35,000 


550.0 


3.0 


1.0 



Vickera Hardness: As received - 212 

After 550 hours at 1200° F - 243 



Alloy 17W-Hofc Worked (Rolled at 1700° F.)(B7436) continued 



STRESS-RUPIUR3 PROPERTIES AT 1200° F 
(Sstlnatsd from plot of test data) 

Tine for Stress 
rapture (iV^I in.) 

(hr) 



1 62,000 



10 52,000 



100 45/300 
1000 32,000 



COMVEHTS SUPPLIED BY TEE MAMJFACTURER 



FORGEABILiry Used as standard fcr compariaon with other 

Universal-Cyclops alloys'. More difficult than 
"18-8" gradca. 

MACHIKABILITY Used as standard for comparison vith other 

Universal -Cyclops alloys. More difficult than 
"18-8" grades. 



86 



MCA 

ALLOY 17W-"Cold'^ Worked (S1644) (Rolled at 1200^ F.) 

MAE\^.TFACTURER Universal-Cyclops Steel Corporation 

COJ4POSITI0N 



0.49fo C, O.l^io Si, 0.11$ Mn, 13.41^ Cr, 20.26% Ni, 
0.84^ Mo, 2.G2fo W, 0.059^^ 

TEEATMTi]IJj[' Melted In an induction fiornace; 33 pound ingot. 

Haznmer forged at 2050/l785^ Y. Rolled at 2090/ 
1900^ F to 7/8- inch square bar. Heated 1 hour at 
2100^ F and air cooled, R^^hsated to 1200^ F and 
reduced m area 17. 8C^ by rolling. Stress relieved 
by heating through at 1200^ F and air cooled. 

HARDMESS 313 Erinell 

TFITSn^ PROPERTIES 



Teiiper- 
ature 

(^) 

80 



Tensile Yield stress Proportional Eoduction 
strength (lb/s(iin, ) limit Elongation of area 

(Ib/eq In.) 0.0^ O.g^ (Ib/sq in.) {% In 2 in. ) bo) 



1 58 ,500 
149,500 



1200 94,000 
98 ,750 



138,500 


90,000 


15.5 


30.2 


130,000 


82,500 


13.5 


28.2 


81,250 


50,000 


10.0 


18.8 


86,250 


50,000 


10.0 


18.8 



STEESS-RITPIURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
( ro/sq in.) (hr) {j in 1 in. ) {j) 



82,000 


0.70 


8.0 


14.5 


75,000 


1.83 


5.0 


6.2 


50,000 


38.0 


10.0 


12.1 


40,000 


105.0 


14.0 


16.7 


37,000 


132.0 


4.0 


2.6 


34,000 


204.0 


6.0 


7.3 



Vickers Hardness: As received - 315 

After 204 hours at 1200° F - 252 



Alloy 17W-"Cold" Worksd (E1644) (Soiled at 1200° F) continued 



STRESS-RUPTURE PROPERTIES AT 1200° F 
(Estiiaated from plot of test data) 

Time for Stress 
rupture (Ib/^q. in. ) 

(hr) 



1 79,500 

10 63,500 

100 40/)r.o 

1000 23,000 



C0]^NTS SUPPLIED BY THE yAiroFACTUEER 



FORGEABILITY Used as standard for comparison with other 

Universal-Cyclops alloys. More difficult than 
"18-8" grades. 

MACHIKABILITY Used as standard for comparison vith other 

Universal-Cyclops alloys. More difficult than 
"18-8" grades. 
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NACA 
ALLOY 

MANUFACTURER 
COMPOSITION 

TBmTI-El'Il^ 



IW-m (R1658) 

Universal-Cyclops Steel Corporation 

0.48/5 C, 0.68^ Si, 0.49/5 m, 20.22^ Cr, 20.21^ Ni, 
0.67^^ Mo, 2.50^ W, 0.16^ K2. 

Melted in an induction furnace; 33 pound ingot. Hot 
forged to 7/8- inch squares. Heated 1 hour at 2100 F 
and air cooled. Reheated to 1300° F and reduced in 
area 20'^ rolling. Stress relieved by heating 
through at 1200° F and air cooled. 



H^-EDNESS 



323 Brinell 



TSNSHE PROPERTIES 

Teirr^er- Tensile Yield otress Proportional Reduction 

atu^^e ..strength (Ib/sq in.) l:silt Elongation of area 

C^ ) (Ib/nq in.) ^.02'^ 0.3^ (ih/sq in.) (7° in 2 in.) ( o) 

80 159,000* Q'O ^-^-^ 

153,500 101,000 132,500 70,000 8.5 11.1 

1200 102,000* 10 '0 29.8 

♦Tensile teats on 0.160 inch diameter "bars. 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress ruptrre Elongation of area 
(Ib/sq in.) (hr) (% in I in. ) (%) 

90,000 .67 6.0 17.2 

83,000 1,55 4.0 2.5 

58,000 40.5 5.0 3.6 

50,000 66.0 2.0 3.6 

45,000 70.5 5.0 7,3 

40,000 180.5 6.0 7.3 



Vickers Hardness: As received - 330 

After 180.5 hours at 1200° F - 284 



Alloy 17¥-ia.I continued 



STSESS-RUPTUEE PEOPERTIES AT 1200° F 
(Eattmated from plot of test data) 

Time for Stress 
rupture (It/sq in.) 
(hr) 



1 86,500 

10 70,500 

ICO 46,000 

1000 28,000 



COMf^EIfTS SUPPLIED BY THE MArTUFACTURER 



FOEGE.\BILITY More difficult than 17W. 
MACEITIABILITY About the same as 17¥. 
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NACA 

ALLOY 17 l^.Cb (E735) 

mmiFACTURER Univeraal-'Cyclops Steel Corporation 

COMPOSTTION OAlio, 0.84foSi, 0,61^ Kin, 12.595^ Or, 19, 0€ 
0.63;^ Mo, 2.33^^ W, l.OS/o CId 

TEE/iTJ'dlW Melted in electric arc furnace, 2000 pound heat. 

Rolled at 2065/1850^ F to ;//6-inch sq.\iars oar, then 
rolled at 1200*^ F to 20.^% reduction in area. Stress 
relieved iDy soaking thru at 1200'"^ F. Air cooled. 

HAEDHESS 335 Erinell 



Temper- 

atvire 



TENSILE PEOPERTIES 

Tensile Yield stress Proportional 
strength (iV^'^ ) a :lir.it 



Eeduetion 

Elongation of area 
_(^n 2_ inj m 



80 


155,000 
156,500 


123,000 
127,000 


146,000 
148,500 


90,000 
105^,000 


13,5 
15.0 


32,7 
31.7 


1200 


102,500 
105,500 




91,000 
91,500 


22,500 
30,000 


7.0 

9.5 


21.4 
18.5 



STKESS-RuTPTURE DATA AT 1200*^ F 

Time for Reduction 

StresB rupture Elongation of area 
(Ib/sg in.) _ (hr) ii in 1 in. ) {$) 



88,000 
82,000 
50 ',000 
37 .000 
30^000 



1.23 
2.52 
69.5 
218. 
504. 



2.0 
2.0 
2.0 
3.0 
4.0 



6.2 
6.2 
1.7 
2.4 
2-4 



Vickers Hardness: As received - 307 

After 504 hours at 1200° F - 261 



Alloy 17 W-Cb continued 



STRESS -RIIPTUEE PEOPSRTIES AT 1200° F 
(Estimated from plot of teat data) 

Time for Stress 
rupture (Ib/sq in.) 

(hr) 



1 84,000 



10 69,00^ 



100 45, '^•OO 

1000 25^000 



COMMEIWS SUPPLIED BY THE MAimFACTUEER 



FORGEAEHITY Forges better than 17W. 
MACHEIABILITY About the saaie as 17¥. 
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NACA 

ALLOY Lov Carton 17W - Annealed* (A9476) 

MANUFACTURES Universal-Cyclops Steel Corporation 

COlvIPOSITION 0,28^0 C, 0.72fo Si, 0,72^^ Mn, 12.56^ Cr, 19.3^o Nl, 
0,62i/a Mo, 2.12?"^ W. 

TEEATMEIIT Melted in an electric arc f menace; 12,000 pound 
heat. Eaminer forged. Eollod at 2090/l900O ? to 
3/4- inch square tar. Heated 1 hour at 2100^ F 
and air cooled. 

HAEDKESS 184 Brlnell 



Temper- 
ature 

80 



1200 



TENSILE PROPERTIES 

Tensile Yield etress Proportional Reduction 

strength (Ib/sqin. ) limit Elongation of area 

i>^?JL^i 0-02 /^ 0-2> (Id/ co in.) in 2 in, ) (f ' 

101,500 40,000 48,750 
101,750 40,000 48,750 



76,250 
72,500 



31,000 
28,500 



32,500 
32,500 


43.0 
42.0 


57.5 
56.2 


17,500 
17,500 


23.0 
27.0 


27.2 
27.2 



STRESS-RUPTTPJS DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation oi"" area 
(Ib/sg in.) (hr) (j in 1 in, ) (fo) 



66,000 


0.33 


17.0 


24.5 


56,000 


2.37 


12.0 


20.6 


45,000 


91.0 


12.0 


18.9 


40,000 


276,0 


10.0 


21.2 


56,000 


686.0 


13.0 


12.3 



Vickers Hardness: As received - 185 

After 686 hours at 1200° F - 224 
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J.lloy Lov Carbon 17¥ - Annealed continued 



STEESS-RUPl'URE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 



Time for Stress 
rupture (iW^I in.) 

(hr) 



1 

10 
100 
lOOO 



60,000 
54,000 
44,000 
34,000 



COMMEiSTS SUFPLrRa) BY TBS MMIUFACTLTIES 

FORGEABILITY Somewhat tetter than 17¥ 
MACEITIABILITy Somewhat better than 17¥ 

*Alloy3 Low Carbon 17W - Annealed, Low Carbon 17¥ - Hot worked and 
Low Carbon 17W - "Cold" worked are from the same heat and differ 
- only in processing. 



94 



KACA 

ALLOY Low Carton 17W - Hot Worked* (A9476) 

MWCFACTUEER Universal -Cyclops Steel Corporation 

COMPOSITION 0.28^ C, 0,72^ Si, 0.72^ Mn, 12.56^ Cr, 19.35^ Nl, 
0.62^ Mc, 2.125^ W. 

TKEATME3IT Melted in an electric arc furnace; 12,000 povrnd 
heat. ns-Timer forged. Eoj.lsd at 2090/1900° F 
to 7/e-incxi square bar. Heated 1 hour at 2100° F 
and air cool'Dd. Beheated to 1700° F and reduced 
in area ?4-.47^ by rolling. Stress relieved by 
heating through at 1200° F and air cooled. 



HARDHESS 



230 Erinsll 



TE1?SILE PROPERTIES 



Temper- Tensile Yield stress Proi-ortional Reduction 
ature strength (Ib/aq in. ) limit mongation of area 

(°F ) (Ib^sq in, ) 0.02^^ 0.2% ( Ib/sg in.) ( ^ in 2 in. ) (/Q 



80 


116,750 
116,500 


76;0C0 
7 6 ',000 


90,500 
90,500 


62,500 
62,500 


26.0 
25.5 


47.2 
47.5 


1200 


72,750 
77,250 




60,000 
62,000 


40,000 
37,500 


15.5 
17.0 


29.9 
29.5 



STRESS-EUPTUKE EATA AT 1200° F 

Time for P eduction 

Stress ruTDture Elongation of area 
(I b/sq in.) (hr) (% in 1 in. ) (?) 



70,000 


1.42 


9.0 


10.8 


G5,000 


5.20 


7.0 


20.7 


54,000 


44.0 


12.0 


22.3 


46,000 


135.0 


9.0 


25.6 


40,000 


507.0 


7.0 


4.3 



Vickers Hardness: As received - 257 

After 507 hours at 1200^ F - 258 
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Alloy Lov Carbon 17W - Hot Worked continued 



STEESS-EUPTTJEE PSOPERTIES AT 1200^ F 
(Estimated from plot of test data) 

Time for Stress 
rupture (It/sq. in.) 
(Iir) 



1 72^000 

10 62,000 

100 .49,000 

1000 37/JUO 



COMMEJITS SUPPLIED BY THE MAirUFACTURER 



FOEGEABILITY Somewhat better than 17w. 
MCEffiABILrTY Somewhat better than 17W. 



*Low Carbon 17W - Annealed, Low Carbon 17W - Hot worked, and Low 
Carbon 17W - "Cold" worked are from the same heat and differ only 
in processing. 



« 
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MCA 



An.OY 



Low Carbon 17W - "Cold" Worked* (A9476) 



MiroFACTUEER Universal-Cyclops Steel Corporation 



COMPOSITION 



TREATMSwT 



0.28^ C, 0.72^ Si, 0.72^ Mn, 12.56/o Cr, 19,35^ Ni, 
0.62^ Mo, 2.12-^ W. 

Melted in an electric arc furnace; 12,000 pound 
heat. Hanmaer forged. Eollod at 2090/1900'^ F 
to 7/'8-incii sg.uare tar. Heated 1 hour at 2100° F 
and air cooled. Reheated to 1200° F and reduced 
in area Zl.^llo ty rolling. Stress relieved ty 
heating thro'igh at 1200° F and air cooled. 



EAEDNESS 



291 Erlnell 



80 



TmSII,E PROPERTIES 



Temper- Tensile Yield stress Proportional Reduction 
atnre strength (Ib/aq in. ) limit Elongation of area 

(Oj.-) (ro/sq in.) 0 .02^ 0.2^ (Ib /gq in.) in 2 in. ) (7^) 



1200 90,500 
87,750 



125,500 


92,500 


20.0 


43.1 


124,500 


95,000 . 


19.5 


40.7 


82,500 


50,000 


10.0 


18.8 


80,000 


40,000 


9.0 


23.2 



STEESS-RUPrURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(I b/sq ln.) (hr) in 1 in. ) (^) 



83,000 


1.68 


6.0 


10.3 


79,000 


2.80 


4.0 


7.3 


55,000 


87.0 


3.0 


2.3 


48,000 


197.0 


3.0 


3.7 


42,000 


296.0 


2.0 


1.0 


40,000 


357.5 


2.0 


1.3 



Vickers Hardness: As received - 262 

After 357.5 hours at 1200° F - 286 
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Alloy Low Carbon 17W - "Cold" Worked continued 

STRESS-EUPTURE PEOPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
rupture (Ib/aq, in.) 
(hr) 



1 85,000 

10 75,000 

ion 55,000 

1000 31^000 

COMMSHTS SUPPLIED BY THE MANUFACTURER 

FOBGEABILITY Somevhat tetter than 17V. 
MA.CHDIABILITY Somewhat hetter than 17W. 



*Low Carbon 17W - Annealed, Low Carbon 17W - Hot worked, and Low 
Carbon 17W - "Cold" worked are from the same heat and differ only 
in processing. 
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NACA 
ALLOY 



16-25-6 - Annealed (Timlcen Alloy)* 



H'LNUFACTL'RER Ingot obtained frata The Timken Roller Bearing Co. , 
Steel and Tube Division, and fabricated by the 
Universal-Cyclops Steel Corporation 



COMPOSITION 



TRMTMEUT 



0.15^ C, 0.84^ Si, 1.14^ l4n, 16.75^0 Cr, 25.26^ Hi, 
6.29^ Mo, 0.01^ P, 0.022^^ S, 0.175^ Na. 

Melted in an electric arc fui'Xiace. Hammer • forged 
at 2065/1300° F to 3/4-inGh square bar. Heated 
1 hour at 2100° F and air cooled. 



EARDMESS 



207 Brinell 



Teaiper- 
ati-'re 
(°F) 

80 



1200 



TENSILE PROPERTIES 

Tensile Yield stress Prcpoi-tional Reduction 

strength (ib/ag. in.) liialt Elongation of §3.'ea 

(Ib/sq in.) 0.02'^ 0.2^ (ib/sg in.) in 2 in. ) (%) 



121j375 
118,375 

83,500 
81,750 



43,500 59,700 35,000 

45,200 56,300 35^000 

36,200 17,500 

35,700 20,000 



39.0 

40.0 

22.0 
21.0 



51.1 
51.3 

21.1 
19.8 



STRESS-RT3PTLTRE DATA AT 1200° E 

Time for Reduction 

Stress ruptui'e Elongation of area 
(Ib/aq in.) (hr) in 1 in. ) (f>) 



75,000 


0.62 


18.0 


17.3 


67,000 


2.67 


10.0 


16.7 


50,000 


89,0 


13.0 


11.4 


44,000 


199.0 


17.0 


28,2 


35,000 


990.0 


11.0 


21.6 



Vickers Eardness: As received - 214 

After 990 hours at 1200^* F - 271 
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Alloy 16-25-6 - Annealed continued 



STRESS-RIIPTI]RE PH0PZSTI3S AT 1200° F 
(Sstimatad from plot of test data) 



Time for 
rupture 
(hr) 



(Ib/eq in,) 



Stress 



1 

IG 

100 
1000 



72,000 
61,000 
49' 000 
35'^ 000 



COMI-IEDJTS SUPPLIED BY TEE MtiXJFACTURER 
(Supplied by The Timken Roller Bearing Co,, Steel and Tube Division) 

FOEGEAEILITY As this material possesses excellent high-temporatiire 



strength, it will be foun^ to be very hard under the 
lianimer at the forging temperatiire, A naximum forg- 
ing temperature of 2050^ F is recommended. The 
material should not be soaked at temperatures above 
2000^ F, although soaking belov this tempei'ature is 
permissible and is advisable if large sections have 
to be produced. 



MACHIWABILITY This material may readily be machined. Its 

machlnabllity is at least equal to that of the 
austenitic 18-8 steel. 



^Alloys lG-25-6 - Annealed, 15-25-6 - Hot Worked, and 16-25-6 - 
"Cold" Worked are ^"rom the same billet and differ only in processing. 
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N.;\CA 



ALLOY 



MAMJFACTUEER 



COMPOSITION 



TKEATME3Srr 



16-25-6 - How Worked (Timken Alloy)* 

Ingot obtaiiiad from the Timlcon Roller Bearing Co. , 
Stoel and Tube Division, and fabricated by the 
Universal- Cyclops Steel Corporation 

0.15^ C, 0.84^ Si, 1.14^ Mn, 16.73^ Cr, 25.26^ Ni, 
6.2*^ Mo, 0.175ilJ Ns. 

Melted in an electric arc furns-ce. Forged and 
rolled 20^^5/1650^ F to 7/8- -inch square bar. 
Heated 1 hour at 2100° F and air cooled. Re- 
heated to 1700° F and reduced in area 25.17^ 
by rolling and air cooled. Stress relieved by 
heating through at 1200° F and air cooled. 



HARDNESS 



279 Brinell 



TEISUJ: PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/nq In.) limit Elongation of area 
_( 4_)__ (lb/eg in.) 0.0::i ^ 0.2^ (Ib/ sg in.) In 2 in. ) (-^) 

80 137,500 94,500 111,500 82,500 19.5 35.4 

138,000 95,000 111,000 80,000 18. 5 30.8 

1200 97,750 76,500 47,500 21.0 36. S 

93,250 76,000 45,000 20.5 36.1 



STRESS-TUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of J-i'ea 
(Ib/sq in.) (hr) (fo in 1 in. ) (%) 



83,000 


0.70 


22.0 


39.4 


75,000 


4.73 


13.0 


26.7 


60,000 


38.5 


27,0 


40.9 


50,000 


95.0 


28.0 


43.7 


48,000 


15G.5 


25.0 


34.4 


38,000 


1257.5 


18.0 


24.0 



Vickers Hardness: As received - 295 

After 1257.5 hoiors at 1200^ F - 290 
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Alloy 16-25-6 - Hot Worked continued 



STSE3S-FJPTUBE PROPERTIES AT 1200^ F 
(Eetjjcated from plot of test data) 



Time for 

rupture 



Stress 



(lir-) 



(Ib/sq in.) 



1 

10 
100 
1000 



82,000 
69.000 
52,000 
39,000 



COMMEETS SUPPLIED BY THE MAIIUFACTUEER 
(Supplied by The Tiiilcen Roller Bearing Co. , Steel and Tube Division) 



FOECEABXLTiT As this material possesses excellent high- 
temperature strength, it ^^ill "be found to "be 
very hard under the haxmer at the forging tem- 



perature, A maximum fox-ging temperature of 
2050° P is I'ecommended, The material should 
not he soaked at temperatures above 2000^ F, 
although soalcing below this temperature is per- 
missible and is advisable if large sections 
have to be produced. 



MACHIIIA&ILITY This material may readily be machined. Its 

machinability is at least eq.ual to that of 
austenitic 18-8 steel. 



^Alleys 16-25-6 Annealed, 16-25-6 Hot ^*rked,and 16-25-6 
"Cold" Worked are from the same ingot and differ only in 
processing. 
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ITACA 

AT.T.OY 16-25-6 - Cold Worked (Timkon Alloy)* 

MAIiiUFACTUEER Ingot ottained from The Timken Roller Bearing Co., 
Steel and Tube Division, and fabricated "by the 
Universal-Cyclops Steel Corporation 

COMPOSITIOU 0.15^,0, 0,84/^ §i, 1.14',^ Mn, 16,75^ Cr, 



25.26% Ni, 6.29% Mo, 0.175% 



TEEATMEIir 



Melted in an electric arc furnace. Forged and 
rolled 2065/1650° F to 7/8-:nch square bar. 
Heated 1 'tiour at 2100" F and air cooled. E|- 
heated to 1200"^ F and reduced in area 22.53% 
by rolling. Air cooled. Stress relieved by 
heating tlu'ough at 1200° F and air cooled. 



HAEDI3ESS 



326 Brinell 



TSIISILE PEOIEKi 'lES 

Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/sq. in.) linlt Elongation of area 
(Py) (Ib/sg. in.) 0.02% 0.2% (ibM in.) (% In 2 in.) L£i 

80 162,250 121,000 143,500 102,500 15.5 33.8 

161,750 117,000 143,500 92,500 16.0 34.1 

1200 105,250 92,500 62,500 14.0 28.8 

107,500 94,000 . 60,000 13.0 27.9 

STRESS-I?UPTURE DATA AT 1200° F 

Tine for Reduction 

Strees rupture Elongation of area . 

• (ib/sq. in.) (hr)._., (% In 1 in.) (%) , • 

96,000 0.95 7.0 15.6 

90,000 1.70 6.0 22.3 

65,000 35.0 11.0 18.9 

54,000 125.5 3.0 7.7 

52,000 354.0 6.0 14.3 

41,000 1207.0 4.0 1.0 

Viclcers Hardness: As received - 348 

After 1207 hours at 1200° F - 316 
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Alloy 16-25-6 - Cold Worked continued 



ST5?ESS-E(JPTUKE PEOPSRTIES AT 1200° F 
(Estiinated froia plot of test data) 



Time for 
rupture 
(hr) 



Stress 
(I'b/sq in,) 



1 

10 

100 
1000 



94^000 
78^000 
57^0';0 
42,000 



COi^IElviTS SI.TPPLIED BY TSE MANUFACTURER 
(Supplied by The Tlroken Roller Bearing Co. , Steel and Tube Division) 

FC5GEABILITY As this material posses.^-as excellent high- 



temperature strength, it will be found to be 
very hard under the hammer at the forging tem- 
perature. A maximum forging temperature of 
2050^ F is recomended. The material should 
not be doaiced at temperatures above 2000^ 
although soaking below this temperature is 
permissible and is advisable if large sections 
have to be produced. 



MACHIMBILITY This material may be readily machined. Its 

machinability is at least equal to that of the 
austenitic 18-8 steel. 



^Alloys 16-25-6 Annealed, 16-25-6 Hot Worked, and 16-25-6 
"Cold" Worked ai^e from the same ingot and differ only in 
processing. 



104 



riACA 



AliOY Gamma Colunibium - Annealed* (A8736) 

MAKUFACTUKER Universal- Cyclops Steel Corporation 
COMPOSITION 



0.4ofo C, 0.46fo Si, 0.84/^ Ito/ 15.08'^ Cr, 24.71^ Ni, 
4.39i^Mo, 1.90^ Cb, 0.036 



TEEATMEirr Melted in an electric arc furnace, 12,000 pound 
heat. Haii'ir-er cogged and rolled at 2050/1860° F 
to 3/4:-inch squai^e bar. Heated 1 hour at 2150° F 
and air cooled. 



EAEDHESS 



189 Brinell 



TEKSILE PEOPERTIES 

Temtjor- Tensile Yield stress Proportional Reduction 

a-bure strength (lb,/s<i inA linit Elongation of area 

(o/) j;ib/ea in.) 0.02?^ 0.27° dh/sg in.) in 2 m.) LfJ 

80 107,750 32,500 46,000 22,500 37.0 38.5 

108,000 31,200 45,000 22,500 37.0 45.6 

1200 79,250 33,500 25,000 18.0 13.8 

81,500 32,000 20,000 19.0 17.0 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(ib/scL in.) (hr) (% in 1 in.) m 



64,000 


1.30 


7.0 


12.7 


60,000 


2.77 


8.0 


17.2 


45,000 


5G.0 


10.0 


12.1 


40,000 


236.0 


6.0 


9.7 


36,000 


1188.0 


7.0 


10.8 



Vickors Hardness: As received - 201 

After 1188 hours at 1200° F - 252 



Garama Coluiablum - Annealed continued 



STKESS-aUPTUEE PROPERTIES AT 1200^ F 
(Estimated from plot of test data) 



Stress 

66,000 
54,000 
44,000 
36,000 



COMMEIfTS SUPPLIED BY THE MAITOFACTUEEE 



FOEGEABILITY More consistent than 17W 
MACHINABILITY About the same as 17W 



Time for 

rupture i 
jhr) (lb 

1 

10 
100 
1000 



''^Alloys GaMiia Columbium - Annealed, Gamma Columbium - Hot 
Rolled, Gamma Columbii^a - Hot Worked, and Gamma Columbium 
"Cold" Worlced are from the same heat and differ only in 
processing. 
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men 

ALLOY Gararja Columbium - Hot Eolled* (A8736) 

MAMJFACTUSER Univsrsal-Cyclops Steel Corporation 

COMPOSITION 0.40^ C, 0.46^ Si, O.S4,t I|n, 15,08^ Cr, 24.71^ Ni, 4.39>^ Mo, 
1.90^ C^, 0.015^ S, 0.018^ P, 0.036% 

TSEATMEOT Melted in electric arc furnace, 12,000 pound heat. Ingots 
harnm.er cogged. Eolled at 2050/1860° F to a 3/4-inch square 
bar. Stress relieved by soaking thru at 1200° F. Air cooled, 

HARDNESS 198 Brinell 



TENSILE PEOPERTIES 

Temper- Tensile Yield stress Proportional Eeduction 
ature strength (Ib/sq in.) limit Elongation of area 



80 111,750 38,500 52,500 25,000 

111,000 31,000 49,500 17,500 

1200 79,500 36,500 22,500 

81,625 36,125 20,000 



STRHSS-EUPTUEE DATA AT 1200° F 

Time for Eeduction 
Stress rupture Elongation of jrea 
(ibM In.) (hr) (^inlin.) 0>) 



34.0 


33.5 


33.0 


39.1 


16.0 


20.6 


20.0 


20.8 



72,000 


0.63 


13.0 


15.6 


65,000 


0.90 


10.0 


13.7 


60,000 


1.82 


6.0 


13.2 


45,000 


68.0 


4.0 


3.6 


40,000 


154. 


6.0 


7.3 


31,000 


1155. 


10.0 


14.5 



Vickers Hardness: As received - 214 

After II55 hours at 1200° F - 237 
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Gamma Columbium - Annealed continued 



STRESS-EUPTUEE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 



Time for 

rupture Stress 
(hr) (Ib/sq. In,) 

1 68,000 

10 56,000 

100 43,000 

1000 31,400 



COMviEIjrS GUPPLIEB BY THE MAHUFACTUEER 

FOEGEABILITY Forging properties are more consistent than those of 17W. 
MACHIHABILITY Ahout the same as 17W. 



*Alloys G-Cb and G-Cb HW are from the same heat and differ only in 
processing. 
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WACA 



ALLOY 



Garmua Columtium 
(AS 736) 



Hot Worked* (Rolled at 1700° F.) 



MAMUT'ACiTrRER Univeraal-Cyclops Steel Corporation 



COMPOSITION 



THEAnCEin? 



.iofo Z, Aei Si, .64'^ Mn, 15.035^ Cr, 24.71-^ Ni, 
4.39^ Mo, 1.90-;^ Cb, O.OSS^Ng. 

Melteil in an electric arc furnace; 12,000 pound 
hoat. Forged and rolled at 2050/1660° F to 
7/8 -inch sq.uare "bar. Heated 1 hour at 2100° F 
and air cooled. Eeheated to 1700° P and re- 
duced in area 22.98'^ oy rolling. Air cooled. 
Stress relieved by heating through at 1200° F 
and air cooled. 



HAiffiNESS 



239 Brinell 



TENSILE PEOPERTIES 

Teiiiper- Tensile Yield stresa Proportional deduction 

ature strength (lt>Zs<l in.) limit Elongation of area 

(°F) (Ib/sq In.) C .02> 0.2^^ ( ib/sq. in.) j'/o in 2 in J {%) 



80 


119,250 
118,250 


72,000 
71,000 


91,000 
90,000 


55,000 
57,000 


21.0 
20.0 


38.5 
37.3 


1200 


84,000 
81,500 




69,500 
70,000 


40,000 
37,500 


20.0 
21.0 


38.5 
41.2 



STEESS-RUPTOTiE DATA AT 1200° F 

Time for Reduction 
Strsi3S rupture Elongation of area 
(Ib/sg in.) (hr) (% in 1 in.) (fo) 



75,000 


.23 


20.0 


41.8 


64,000 


2.52 


15,0 


41.8 


50,000 


42.0 


16.0 


39.8 


48,000 


83.0 


16.0 


31.3 


44,000 


271.0 


15.0 


38.9 


39,000 


617.0 


14.0 


23.4 



Vickera Hardness: As received - 264 

After 617 hours at 1200° F - 223 



Gamma Columblum - Hot Worked (Eollecl at 1700° F») continued 



STRE^-HUPTUKE PROPEECTIES AT 1200° F 
(Eatimated from plot of test data) 



Time for 
rupture 



Stress 
(Ib/sq. In,) 



(hr) 



1 

10 

100 
1000 



68,000 
58,000 
48,000 
38,000 



COMEmS SUPPLIED BY THE MAjHUFACTUEER 



FORGEABILiry More consistent than 17W 
MACEIIlftBILITY About the same as 17V/ 



*Alloys Gamma Columblum - Annealed, Gamma Columblum - Hot 
Rolled, Gamma Columbium - Hot Worked, and Gamma Columblum - 
"Cold" Worked are from the same heat and differ only in 
processing. 
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IIACA 
ALLOY 



Gamma Columbium - "Cold" Worked* (Eolled at 1200° F.) 
(A8736) 



MAIIUi?ACTUEOIR TJniversal-Cyclops Steel Corporation 
COMPOSITION 



0.40^ C, 0.46^ Si, 0.84 fto, 15.08^ Cr, 24.71^ Ni, 
4.39^ Mo, 1.90^ C-b, 0.036^ Wg. 

TEEATMEIJT Melted in electric arc furnace, 12,000 pound heat. Eolled 
at 2050/1860° F to 7/8-inch square "bar; then rolled at 
1200° F to 22.1^ reduction iu area. Stress relieved by 
soalcins thru at 1200° F. Air cooled, 

HAEDNESS 333 Brinell 



TEKSILE PEOPEETIES 
Yield stress Proportional 



Temper- Tensile 
ature strenfitli {It/aq. in A limit ,g, - . 

(°F) (Ib/sq in. ) 0.0270 0.2^ (Ib/sq in.) in 2 In.j 



Reduction 

Elongation of aprea 



60 



1200 



160,250 115,000 146,000 
161,500 121,000 148,000 



110,875 
110,750 



100,000 



75,000 


12.0 


28.3 


75,000 


14,5 


30.0 


47,500 


6,0 


10.7 




7.0 


11.8 



STRESS-EUPTUEE DATA AT 1200" F 

Time for Eeduction 
Stress rupture Elongation of a;rea 
(Ib/sd in.) (hr) ifo in 1 in.) (>) 



93,00c 


lc04 


4.0 


7.8 


87,000 


1.63 


2.0 


2.3 


60,000 


32.2 


3.0 


2.3 


50,000 


126.0 


1.0 


3.7 


40,0C0 


612. 


2.0 


2.8 



Vickers Hardness: As received - 342 

After 612 hours at 1200° F - 300 
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Alloy Gamma Coluiabluni - "Cold" Worked continued 



STEESS-EUPTURE PEOPEETIES AT 1200° F 
(Estimated from plot of test data) 



Time f or 

rupture Stress 
(h^) (ibM in.) 

1 95,000 

10 70,000 

100 51,000 

1000 37,000 



COMMEIWS SUPPLIED BY THE MAMJFACTUEER 

FOEGEABILITY Forging properties are more consistent than those of 17W. 

MACHIHABILITY At out the same as 17W. 



*Alloy3 G-Cb and G-Cb HW are from the same heat and differ only in 
processing. 
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MCA 



ALLOY Kon-Magaetic (B4018) 

MAMJFACTUEEE Universal-Cyclopa Steel Corporation 

COMPOSITION 0.73^ C, 0.35^ Si. 9.32^ Mn, 3.96^ Cr, 6,21^ Ni, 0.28^ Mo, 
0.52^ W, 0,19^ Va 

TREATMEHT Melted in electric arc furnace, 24,000 pound heat. Ingots 
hammer cogged. Eolled at 2045/1855° F to 7/8-inch square 
tar. Eolled at 1200^ F to 20. 6> reduction in area. Stress 
relieved ty soaking tliru at 1200° F. Air cooled. 

HARDNESS 333 Brinell 

TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ih/sq in.) limit Elongation of area 
(Of) (Ib/sqi in.) 0.02^ 0.2fo (ih/sq in.) in 2 in. ). {fo) ., „ 



80 



1200 



168,000 111,250 131,500 
171,500 122,500 135,000 



80,000 
80,000 



78,000 
77,000 



85,000 


14.5 


14.7 


87,500 


20.0 


23.0 


45,000 


1.5 


6.7 


30,000 


2,0 


10.1 



STRESS-FJPTORE DATA AT 1200° F* 

Time for Reduction 
Stress rupture Elongation of area 
(Ih/sq. in.). (hr) '$ In 1 in.) 0=) 



40,000 
30,000 
25,000 
20,000 



3.40 
16.75 

71.3 
268. 



1.0 
0,5 
2.0 
2.0 



0.5 

1.0 
2.8 
10.3 



Vickers Hardness: As received - 351 

After 268 hours at 1200° F - 351 



Alloy Non-Magnetic continued 



STKESS-EUPTUEE PROPERTIES AT 1200° F 
(Estimated from plot of teat data) 



Time for 

rupture Stress 

(hr) (IbM in.) 

1 48,000 

10 33,500 

100 23,200 

1000 16,000 



COI>lMEIffS SUPPLIED BY THE Mi\MIFACTUEER 

FORGEABUilTY Forges better than 1717. 
MAGHHSKBILITY More difficult to machine than 17W. 



*Eupture test specimens were 0.300-inch diameter with 1-inch gage length. 
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NACA 



ALLOY Hot Die Steel (E447) (A8657) 

MAiraFACTL^EEE Universal-Cyclops Steel Corporation 

COMPOSITION 0.24^ 0, 0.66^ Si, 0.41^ Mn, 6.04^ Cr, 1.04^ Ni, 
6.14^ Mo, 2.16^ ¥, 0.23^ Va. 

TREAT^E^1^T Melted in arc furnace; 12-000 pound heat. 

Hatmiered and rolled to 3/4-inch rd. Heated to 
2100° F for one hear and air cooled. P.eheated 
to 1200° F for 72 hours and air cooled. 



HARDKESS 



287 Brinell 



TENSILE PEOPEETIES 



Temper- Tensile Yield stress 
ature strength (It'/sq. in.) 

(°F) (l-b/sq in.) 0.02% 0.2% 

80 139^000 86,300 96,000 

136,750 85,300 94,600 

lEOO 47,400 37,500 

47,500 37,800 



Proportional Eeduction 

limit Elongation of area 
(It/a i in.) {1° in 2 in.) 



70,000 


14.0 


29.1 


72,500 


14.0 


29.5 


10,000 


36.0 


77.4 


10,000 


36.0 


78.3 



STBESS-RTIPTUPE DATA AT 1200° F 



Time for Eeduction 

Stress rupture Elongation of area 

(IhM in.) (hr) (% in 1 in.) (%) 

42,000 0.083 24.0 80.8 

38,000 0.35 32.0 76.5 

34,000 0.87 42.0 78.5 



STEESS-EUPTUEE PEOPESTISS AT 1200° F 



Sufficient data are not available to determine the rupture strengths 
as reported for other alloys. 



Hot Die Steel (E447) continued 



CCMffiHTS SOPPLIED BY THE MAKUFACTUEER 



FOEGEABILITY Better than 17W 
MCHINfiBILITY Better than 17W 
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NACA 



ALLOY 

MANUFACTUEEE 
CCMPOSITION 

TEEATMEHT 



E1033 - Annealed* (E1568) 

Universal-Cyclops Steel Corporation 

.097^ C, C.80?b Si, 0.77^ Mn, 14.34^ Cr, 6.79^ Wi, 
3.32^ Mo 

Melted in an induction furnace; 33 pound ingot. 
Hammor cogged 2075/1730*^ F to 2 by 2 inches. 
Earamer forged to 3/4 -inch square bar. Heated 
1 hour at 1850° F and air cooled. 



HAEDrJESS 



Brinell 214 



TENSILE PBOPEESriES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (ib/aq in.) limit Elongation of area 

(°F) (Ib/sg in.) 0.02% 0.2% (Ib/sg In.) Cp in 2 in.) (.A) 



80 125,750 
126,800 

1200 65,750 
68,300 



48,500 


25,000 


50.0 


53.8 


50,200 


27,500 


54.0 


56.7 


24,700 


15,000 


42.5 


62.3 


24,300 


12,500 


45.0 


61.8 



STKESS-RUPTUEE DATA AT 1200° F 



Time for Reduction 
Stress rupture Elongation of area 
(Ib/sg in,) (hr) ii in 1 in.) if) _ 



60,000 .43 34.0 56.9 

54,000 2.45 35.0 41.8 

45,000 46,5 24.0 32.4 

42,000 101.0 19.0 32.4 

35,000 402.0 24.0 32.9 



Vickers Hardness: As received - 224 

After 402 hours at 1200° F - 354 



Alloy E1038 - Annealed continued 



STEESS-5UPTUKE PROPSRirES AT 1200° F 
(Estimated from plot of test data) 



Time for 
rupture 
(hr) 



1 
10 
100 
1000 



stress ' 
(ITj/sq, in.) 

57,000 
52,000 
42,000 
31,000 



COMMEIilTS SUPPLIED BY THE M»\IiUI'ACTUEER 



FOBGEfiBILITY Better than 17W 



MACHIIJABILITY Better than 17W 



^Alloys E1038 and R1038 - Annealed are from the same heat 
and differ only in processing. 
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MCA 



ALLOY 



R1038 - "Cold" Worlied* (R1568) 



MAMJFACTURER Univeraal-Cyclops Steel Corpoi-ation 

COMPOSITION 0.097^^0, 0.80^ Si, 0,77^ Mn, 14.34^ Cr, 6,79^ Ni, 
3.525^ Mo 

TEEATMENI Melted in an induction furnace; 33 pounsi ingot. 

Hatimer cogsed to 2 by 2 inches at 2075/1730° F. 
Hot rolled 2070/1900^ F to 7/8-inch square bar. 
Heated 1 hour at 1850° F and air cooled. Re- 
heated to 1200° F and reduced in area 23.02% 
by rolling. Stress relieved by heating through 
at 1200° F and air cooled. 



HARDNESS 



286 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (ibM in.). limit Elongation of area 

(O?) (Ib/sg in.) 0.02^ 0.2'% (ib/sgL in.) k% in 2 in. ) __Jjo)^ 

80 157,000 76,40 

163,000 81,40 

1200 80,250 
80,000 



98,500 


47,500 


21.0 


18.4 


99,600 


50,000 


22.0 


15,6 


69,400 


27,500 


18.0 


38.5 


68,750 


22,500 


18.0 


41.6 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sQ. in. ) (Iir) in 1 In.) (|) 



72,000 


.41 


16.0 


38.1 


63,000 


2.23 


9.0 


15.5 


48,000 


39.5 


5.0 


1.8 


45,000 


94.0 


0.5 


1.8 


41,000 


96.5 


2,0 


4.8 


40,000 


163.0 


2,0 


1.0 


58,000 


377.0 


3.0 


7.3 



Vickers Bardneas: As received - 302 

After 377 hours at 1200° F - 359 



Alloy E1038 * "Cold" Worked continued 



STEESS-RUPTDEE PEOPEKL'IES AT 1200° F 
(Estimated from plot of test data) 



Time for 

rupture Stress 

(hr) (Ib/scL in.) 

1 67,000 

10 56,000 

100 44,000 

1000 34,000 



co^1ME^^^s supplied by tes rai^ufactierer 



FOBGEABILITY Better than 17¥ 
MACHIKABILITY Better than 17W 



♦Alloys R103e - "Cold" Worked and E1038 - Annealed are from 
the same heat and differ only in processing. 
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NACA 
ALLOY 



18-14 S-Mo (A7480) 



MANUFACTURER Universal-Cyclops Stoel Corporation 

COMPOSmOK 0.057^ C, 0.66$^ Si, l,9lfo Mn, 18,12/^ Or, 13.54^ Ni, 
2.8S^ Mo 

TREATMEaST Molted in electric arc furnace, 12,000 pound heat. 

Ingots hammer cogged. Rolled at 2055/1830° F to 7/8- 
inch square bar. Area reduced 23^ "bj' rolling at 1200° F. 
Stress relieved by soaking thru at 1200° F. 



HAR13NESS 



244 Brinell 



tensiIjE properties 



Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/sq in.) limit Elongation of area 



("F) (Ib/sq In.) 0.02^^^ 0.2% (Ih/sg in. ) In 2 in .) 



80 



1200 



112,500 
113,375 



67,750 
68,250 



84,000 98,000 
86,500 100,000 

60,000 
60,700 



67,500 
72,500 

37,500 
20,000 



30.0 
33.0 

28.0 
26.0 



66.0 
65.7 

52.7 
55.7 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) {1o In 1 In. ) {1o) 



60,000 


0.80 


27.0 


51.8 


55,000 


2.63 


25.0 


51.8 


45,000 


44.0 


42.0 


51,9 


40,000 


181. 


14.0 


44.7 


36,000 


270. 


10.0 


37.0 


31,000 


1026. 


8.0 


22.3 



Vickers Hardness: As received -256 

After 1026 hours at 1200° F - 237 



Alloy 18-14 S-Mo continued 



STEESS-EUPTTJEE PEOPEETIES AT 1200^ F 
(Estimated from plot of test data) 



Time for 

rupture Stress 

(hr) (Ib/sd in,) 

1 59,000 

10 50,000 

100 42,000 

1000 31,000 



COMMEMTS SUPPLIED BY THE MANUFACTIJEER 



F0R3EABIL1TY Forges better than 17W, 

MACHIWABILITY Superior to 17W. 
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NACA 
ALLOY 

MANUI'ACTTJRER 
COMPOSITION 

TRFATMEKT 



HARDNESS 



19-9 W-Mo (B7030) 

Universal-Cyclops Steel Corporation 

0.1^ C, OAd^ Si, 0.60^ Mn, 19.12^ Cr, 8.5(^ Ni, 
0.3^ Mo, 1.4^ W, 0.43/0 Cb, 0,4C^ Ti 

Melted in electric arc furnace, 24,000 pound heat. 
Ingots liammer cogged. Rolled at 2060/1825° F to 7/8- 
Inch square bar. Rolled at 1200° F to 2^& reduction 
in area. Stress relieved "by soaking thru at 1200° F. 
Air cooled. 
275 Brinell 



TENSILE PROPERTIES 



Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/sq in,] limit Elongation of ^x-ea 

(°F) (Ib/sq in. ) 0.02^ 0.& (ib/sg in.) ( in 2 in. ) (%) 



80 


124,250 
121,625 


83,000 104,500 
75,000 101,500 


67,500 
50,000 


26.0 

27.5 


58.3 
57.4 


1200 


70,500 
71,125 


63,000 
67,500 


37,v500 
40,000 


20.0 
20.0 


60 , 6 
60.5 



STRESS-RUPl'URE MTA AT 1200° F 



Time for 

Stress rupture 

(ib/sq in. ) (hr) 

85,000 0.35 

60,000 2.52 

55,000 84.0 

52,000 125. 

49,000 190. 

42,00-^ 661. 



Reduction 

Elongation of area 
ii in 1 in. ) ifo) 

14.0 63.3 

10.0 64.0 

20.0 53,6 

19.0 51.7 

14.0 30.3 

22.0 40.5 



Vickers Hardness: Aa received - 290 

After 661 hours at 1200° F - 296 



Al?Loy 19-9 W-Mo continued 



STRESS-EUPTUEE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 



Time for 

rupture Stress 

(hr) (Ib/sq in.) 

1 62,000 

10 58,000 

100 53,000 

1000 40,000 



CQMMEUTS SUPPLIED BY THE MANUFACTURER 



FORGEABILITY Forges better than 17W. 
MACHINABILITY Superior to 17W. 
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NACA 



ALLOY 



19-9W-MO (R1802) 



MANUFACTURER Universal-Cyclops Steel Corporation 



COMPOSITION 



TREATMENT 



0.0^ C, 0.62^ Si, 0.5^ Mn, 18,62^ Cr, 9.0^ Wi, 
0.36^ Mo, 1,2]^ W, 0,44^ Ct), 0.3^ Ti, 0.06^ Ng 

Melted in an induction furnace; 33 pound ingot. 
Forged at 2055/1300O F to 7/8- inch square bar. 
Heated 1 hour at 2100^ F and air cooled. Re- 
heated to 1200^ F and reduced in area 23. 99?^ 
hy rolling. Stress relieved hy heating through 
at 1200^ F and air cooled. 



HARDNESS 



234 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield Stress Proportional Reduction 

ature strength (Ib/sq in, ) limit Elongation of area 

(Of) (Ih/sq in. ) 0,02^ O.2/0 (Ib/sg in.) in 2 in.) {%) 



80 


109,500 


70,000 
76,200 


85,000 
87,000 


57,500 
62,500 


33.0 
34,0 


1200 


69,000 
69,000 




63,100 
63,100 


42,500 
45,000 


17.5 
16.0 



STRESS-RUPTURE DATA AT 1200° E 



Stress 
(IbM in.) 


Time for 
rupture 
(hr) 


Elongation 
in 1 in. ) 


Reduction 
of area 

(h 


59,000 


0.35 


11.0 


56.9 


56,000 


8.15 


12.0 


53. 2 


52,000 


177.0 


13.0 


48.3 


50,000 


117.5 


8.0 


14.7 


48,000 


890.5 


10.0 


28.8 


42,000 Discontinued* 2.0 


4.9 



*Not fractured after 2128 hours. The elongation and reduction of 
area values are for the unbroken specimen after the test vas 
discontinued. 



Vickers Hardness: As received - 259 

After 2128 hours at 1200^ F - 262 



Alloy 19-SW-Mo (R1802) continued 



STKESS-RUPTUEE PEOPERTIES AT 1200° F 
(Estimated from plot of teat data) 



Time for 

rupture Stress 

(hr) (Ib/aq in.) 

1 58,000 

10 54,500 

100 52,000 

1000 49,000 



COMt^lEIWS SUPPLIED BY THE MANUTACTUREE 



FOEGEABILITY Better than 17W. 
MACHIMBILITY Bettor than 17W. 
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MCA 



ALLOY 

MANUFACTURER 
COMPOSITION 

T'REATMENT 



19-9W-MO (R1956) 

Universal-Cyclops Steel Corporation 

0.11^ C, 0.56^ Si, 0.55^^ Mn, 18.80^ Cr, 8.54^ Ni, 
0.3^ Mo, 1,27^ W, 0.45^0 Cb, 0.39^ Ti 

Melted in an induction furnace; 33 pound ingot. 
Hammer cogged at 2055/1300° F to 7/O-inch square 
bars. Heated to 2000° F for 1 hour and air 
cooled. Reheated to 1200° F and reduced in 
area 25,95^ "by rolling. Stress relieved by 
heating through at 1200° F and air cooled. 



HARDNESS 



251 Brinell 



TENSILE PROPERTIES 



Temper- 
ature 
(Op) 


Tensile 
strength 
(Ib/sq in. ) 


Yield stress 
(Ib/sq in.) 
0.02% 0.2% 


Proportional 

limit 
(Ib/sq in.) 


Elongation 
(fo in 2 in.) 


Reduction 
of area 
(^) 


80 


114,400 


61,000 


88,500 


36,000 


33.5 


53.3 




114,000 


75,000 


91^000 


57,500 


35.0 


52.2 


1200 


72,700 




63,500 


32,500 


18.0 


53.8 




73,000 




65,000 


30,000 


16.5 


47.8 




73,125 




64,000 


35,000 


17,5 


47.8 



STRESS-RUPTURE DATA AT 1200° F 



Time for 

Stress rupture 

(Ib/sq in.) (hr) 

65,000 0.38 

Gn^OOO 5.93 

55,000 71.0 

50,000 199.0 

42,000 973.0 



Reduction 
Elongation of area 
(% in 1 in. ) (%) 



9.0 57.7 

12.0 42,8 

11.0 37.9 

10.0 23,4 

6.0 10,2 



Vickera Hardness: As received - 252 

After 973 hours at 1200° F - 261 



Alloy 19-9W-MO (E1956) continued 



STRESS-RUPTUEE PEOPERTIES AT 1200° F 
(Estimated from plot of test data) 



Time for 

rupture Stress 

(hr) (ibM in.) 

1 64,000 

10 59,000 

100 54,500 

1000 42,000 



OOmEmS SUPPLIED BY THE IIAMIFACTUREE 



FOEGEABILITY Better than 17W. 
MACHIHABILITY Better than 17W. 
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MCA 



ALLOY 



19-9W-MO HC-2 (E1957) 



MAITOFACTIIRER Universal-Cyclopa Steel Corporation 



COMPOSITION 



TRE^TMEm 



0.21^ C, 0.56^ Si, 0.46^ Mn, 18.8^ Cr, 8.7^ Ni, 
OA^ Mo, 1.2£^ W, 0.51^ Cb, 0.3^ Ti 

Melted in an induction furnace; 33 pound Ingot. 
Eanmer cogged at 2055/1300'^ F to 7/8- inch square 
bars. Heated to 2000° F for 1 hour and air cooled. 
Reheated to 1200° F and redr^ced in area 24.50^ by 
rolling. Stress relieved by heating through at 
1200° F and air cooled. 



HARDIJESS 



Brinell 302 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sq in.) limit Elongation of ^rea 

(°F) (Ib/sq in.) 0.02^ 0.2^ (Ib/sq in.) (% in 2 in. ) {'p) 



80 


137,850 


95,500 


112,500 


77,500 


31.0 


54.4 




137,500 


94,000 


112,500 


75,000 


30.5 


52.8 


1200 


77,250 




72,500 


32,500 


11.5 


39.8 




83,500 




75,000 


40,000 


11.5 


40.1 




82,875 




75,000 


45,000 


14.5 


41.0 



STRESS-EUPTUEE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sg In.) (hr) In 1 in.) (^) 



78,000 


0.30 


12.0 


47.3 


68,000 


5.27 


6.0 


25.6 


60,000 


157,0 


2.0 


3,6 


55,000 


293.0 


2.0 


1.8 


50,000 


777.5 


3.0 


1.8 



Vickers Hardness: As received - 299 

After 777.5 hours at 1200° F - 298 



I 
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i ■ • 

Alloy 19-9W-MO HC-2 continued 



STRESS-EUPTUEE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for 

rupture Stress 
(hr) (ibM in.) 

1 73,000 

10 67,000 

100 61,000 

1000 48,000 

COM^EI^TS SUPPLIED BY THE MANUFACTURER 

FORGEABILITY Better than 17W, 
MACHIMBILITY Better than 17W. 



•4 
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MCA 



ALLOY 



19-9W-MoM (R1803) 



MAMUFACTIIBER Universal-Cyclops Steel Corporation 



COMPOSITION 



TREATMENT 



0.26^ C, 0.57fo Si, 0.52^ Mn, 18.95^ Or, 9.05^ Nl, 
1.22% Mo, 1.1^ W, 0.29^ Cb, 0,2lfa Ti 

Melted in an induction furnace; 33 pound ingot. 
Hammer forged at 2055/1300° F to 7/8- inch square 
•bars. Heated 1 hour at 2100° F and air cooled. 
Reheated to 1200° F and reduced in area 21.3576 
by rolling. Stress relieved by heating through 
at 1200° F and air cooled. 



HARDINESS 



289 Brinell 



TEnSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/sq in. ) limit Elongation of area 

(Of) (Ib/sq in.) 0.02^ 0.2^ (Ib/sg in.) in 2 in. ) 

80 136,750 
140,750 

1200 91,000 
87,750 



95,000 


112,500 


75,000 


28.5 


46,4 


95,000 


115,000 


75,000 


29.0 


48.1 




81,000 


52,500 


IG.O 


38.8 




77,500 


52,500 


15.5 


39.8 



STRESS-EUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq inj (hr) Inl In.) (%) 



78,000 


1.30 


10.0 


28,3 


73,000 


3.13 


3.0 


25.0 


60,000 


202.0 


3,0 


7.3 


55,000 


333.0 


2.0 


6.1 


50,000 


1027.0 


3.0 


7.9 



Vickers Hardness: As received - 319 

After 1027 hours at 1200° F - 334 



Alloy 19-9W-MQM continued 



STRESS-RUPTUKE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 



Time for 

rupture Stress 

- (i^) (Ib/sq in.) 

1 79,000 

10 70,000 

100 62,000 

1000 50,000 



G(M4EIilTS SUPPLIED BY THE MANUFACTURER 
FORGEABILITY Better than 17W. 



MACHIMBILITY Better than 17W. 
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MCA 

ALLOY 19-9W..M04 (E688) 

MANUFACTURER Universal-Cyclops Stsel Corporation 



COMPOSmON 



TREATMENT 



HAEDNESS 



0.11^ C, 0.58^ Si, 0.57^ Mn, 18.79^ Cr, 8.27^^ Ni, 
4.11^ Mo, 2.58^ ¥, 1.19^ Cb 

Melted in an electric arc furnace; 2000 pound heat. 
Forged and rolled at 2045/1855° F to 13/16- inch 
sq.uaj?e bars. Heated at 2000° F and air cooled. 
"Aged" 72 hours at 1200° F and air cooled. 

284 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sq in. ) limit Elongation of area 

(°F) (Ib/sq in.) 0.02f^ 0.2^ (Ib/sg in.) {% in 2 in. ) {j) 



80 


138,500 


40,700 


78,100 


22,500 


12.0 


13.4 




139,750 


43,750 


81,000 


25,000 


11.0 


13.4 


1200 


74,500 




50,300 


20,000 


25.0 


41.3 




72,800 




48,750 


22,500 


24.5 


37.9 



STRESS-RUPTURE DATA AT 1200° F 



Time for 
Stress rupture 
(Ib/sq in.) (hr) 



64,000 .77 

60,000 1,73 

45,000 38.5 

40,000 58.0 

40,000 144.0 

35,100 270.0 



Reduction 

Elongation of area 
(^inlln.) {j) 

23.0' 43.7 
25.0 39.9 
20.0 29.3 
16.0 17.8 
16.0 24.1 
11.0 19.1 



Vickers Hardness: As received - 296 

After 270 hours at 1200° F - 355 



Alloy 19-9W-Mo4 continued 



STPJ3SS-EU?TUP:S properties at 1200^ F 
(Estimated from plot of test data) 



TiHie for 
rupture 
(to) 



1 
10 
100 
1000 



stress 
(ro/sg In.) 

62,500 
52,500 
39,500 
29,500 



CCMoiiiMxS tivBPhXsD BY TEE ilaijui!ACTU±tt!J:< 



FOKGEABILITY Better than 17W. 
MACHIKABILITY Bettor than 17W. 
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NACA 

ALLOY 19- SW-Mo4M 

MPiNUFACTURER Universal-Cyclops Steel Corporation 

COMPOSITION OAd> C, O.lOfo Si, lA^o Mn, 18. 86/^ Cr, 9.0^ Ni, 
4.0&^ Mo, 2.54> W, 1.01^^ Cb. 

TRK1TMEM' Melted in an induction fmrnace; 33-pound ingot. 

Forged 2055/1500° F to 7/6- inch square bar. Heated 
1 hovx at 2100" F and air cooled. Reheated to 
1200^ F and reduced in area 20^ by rolling. Stress 
relieved by heating tlorough at 1200° F and air cooled. 

HARDIJESS 321 Brinell 



Temper- Tensile 



TENSILE PR0FESTIE3 
Yield stress Proportional 



Reduction 



ature strength (]b/sq in.) lisiit Elongation of area 

(Of) (Ib/sq in.) 0.02> 0,2' ^o liV^lJliJ.. in 2 ^^') 



80 
1200 



150,500* 

94,000* 12.0 
*Tensile tests on 0.160- inch diameter bars. 



31.4 
36.4 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(ib M in.) (hr) in 1 In. ) {%) 



85,000 
75,000 
60,000 
55,000 
48,000 



.15 

2.56 
59.5 
47.5 
313.0 



15.0 
9.0 
15.0 
15.0 
13.0 



35.0 
16.1 
22.8 
29.8 
18.9 



Vlckers Hardness: As received - 332 

After 313 hours at 1200° F - 327 



Alloy 19-9W~Mo4M continued 



S'UPESS-EUPTIIR'3 PEOFERTIES AT 12C0° F 
(Estimated from plot of tent data) 



Tlrae for 

rupture Stress 

(hi-) (Ib/sq^ In.) 

1 78,000 

10 70,000 

100 54,000 

1000 42,000 



COlfffiHTS SUPPLIED BY THE MANUFACTURER 



FOEGEABELITY Better than 17W. 
MACEEMBILITY Better than 17W, 
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NACA 
ALLOY 

MANUFACTURER 
COMPOSITION 

TREATMENT 



HARDNESS 



4 (R1077) 

Universal-Cyclops Steel Corporation 

0.5^0 C, O.e-4 Si, 0.5C4 Mn, 13.69^ Cr, 19.4^o Ni, 
1.65^ Mo, 1.07^ Cb, 0.021^ Ta 

Melted in induction furnace; 33-pound ingot, 3| 
"by 3| inches square. Eamnered and rolled at 
2090/1900° F to 7/8-inch square bar. Rolled at 
1200° F to 21. 4/"^ reduction in area. Stress 
relieved by soaking thru at 1200° F. Air cooled. 

300 Brinell 



Temper 
ature 



TENSU^ PROPERTIES 

Tensile Yield stress Proportional Reduction 
strength (ib/sq. in. \ limit Elongation of area 



(Of) (lb/p>Q in.) 0.02:^ 0.2^-^^ j^A^l^l In 2 In.) 

80 160,000 119,000 139,000 
1200 100,875 



82,500 



87,500 



30,000 



(1) 



9.5 
8.0 



23.5 
16.7 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ih/sq in.) (hr)_ in 1 in. ) (%) 



83,000 
82,000 
50,000 
4^^,000 
35,000 
30,000 



1.03 
1.48 
36.3 
S5.0 
110. 
337. 



2.0 
2.5 
2.0 
1.0 
2.0 
1.0 



6,2 
4.2 
4.2 
1.7 
2.4 
2.8 



Vickers Hardness: As received - 301 

After 337 hours at 1200° F - 283 



Alloy 4 (E1077) continued 



STP^S-EUPTURE PEOPEETIES AT 1200° F 
(Estiicated from plot of test data) 



Time for 

rupture Stress 
(hr) (Ib/aq. In.) 

1 88,000 

10 58,000 

100 38,000 

1000 24,700 



CCMM3NTS SUPPLIED BY THE MAMIFACTUKER 



FORGEABILITY Forges "better tlian 17¥. 
MACHIKABILITY Superior to 17W. 
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NACA 



ALLOY 

MANUFACTURER 
COMPOSITION 

TREATJtEKT 



9 (E1572) 

Universal-Cyclops Steel Corporation 

0.2i^ C, 0.9S^ Si, 0.625^Mn, 13.04^ Cr, 19.54^ Ni, 
10.50^ Co, 6.17^ Mo, 1.415^ Cb. 

Melted in an induction furnace, 33-pound ingot. 

Hammer cogged 2070/l750O F to 2 by 2 inches. Hot 
rolled 2070/1900O F to 7/8- inch square tar. Heated 
1 hour at 2100° F and air cooled. Reheated to 
1200O F and reduced in area 23.45^ by rolling. 
Stress relieved by heating through at 1200° F and 
air cooled. 



HARDNESS 



280 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sq in.i limit Elongation of area 

-12LL (iVgq i n.) 0 .02% 0.2^ (Ib/s g In. ) in 2 in. ) (^) 



132,500 


97,300 


116,400 


80,000 


17.0 


35.7 


131,500 


95,000 


117,700 


77,500 


16.0 


35.7 


92,750 




81,500 


32,500 


14.0 


23.8 


90,500 




81,000 


32,500 


12.0 


26.1 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in . ) (hr) in 1 in. ) jj) 



80,000 


0.60 


16.0 


34.9 


71,000 


1.45 


16.5 


34. 9 


50,000 


111.0 


6.0 


7.3 


45,000 


241.5 


4.0 


2,6 


38,000 


608.5 


6.0 


2.3 



Vlckers Hardness: As received - 258 

After 608.5 hours at 1200^ F - 280 
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Alloy 9 continued 



STPJiSS-RLTTUTJi: PEOPEETIES AT 1200° F 
(Estimated fron plot of test data) 



Time for 

rupture Stress 

(hr) (ll^/sq. in.) 

1 76,000 

10 65,000 

100 51; 000 

1000 35,000 



C0>.ME:]TS supplied by tee MAItlFACTUESR 



FORGEABILITY Somewhat more difficult than 17W. 
MACECNABILITY Somewliat more difficult than 17V/, 
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NACA 
ALLOY 

MPJJLTFACTURER 
OOIvIPOSITION 

TREATMENT 



9M (R1573) 

Universal-Cyclops Steel Corporation 

0.22^^ C, 1.0^.^^ Si, 0.66^ Mn, 13.12^ Cr, 19.11^ Ni, 
4.8C^ Mo, 1.2^^ Cb. 

Melted in an induction fvirnace, 33-pound ingot. 

HasKP.er cogsed. 2075/1750° F to 2 by 2 inches. Hot 
rolled 2070/l£:00, to 7/3-inch square bar. Heated 
1 hour at 2100^ F and air cooled- Reheated to 
1200° F and I'educed in area 23,62^ by rolling. 
Stress relieved by heating through at 1200° F and 
air cooled. 



HARDNESS 



291 Brinell 



TEITSILE PR0?]3TISS 

Temper- Tensile Yield streBS Pro-jortional Reduction 

ature strength (Ib/sqin.) limit Elongation of area 

(°t-) (Ib/sq in.) 0.0^ 0.^0 (lb/eg in.) in 2 in.) (%) 



80 132,250 78,500 116,000 50,000 19.5 40.4 

132,000 93,800 117,600 70,000 18.0 41.3 

1200 90,250 81,000 22,500 10.0 24.1 

90,500 81,900 22,500 11.0 26.1 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sg in.) (hr) in 1 in. ) m 



78,000 


.47 


8.0 


22.2 


68,000 


2.17 


4.0 


9.7 


54,000 


127.0 


8.0 


18.8 


52,000 


156.5 


10.0 


25.5 


48,000 


233.5 


0 


0 


43,000 


420.0 


2.0 


5.5 



Vickers Hardness: As received 292 

After 420 hours at 1200^ F - 268 



Alloy SM continued 



STBESS-RDPTTJBE PEOFERTIES AT 1200^ F 
(Estimated from plot of test data) 



TiiDB for 
rupture . 
(hr) 

1 
10 
100 
1000 



stress 
(rp/gq. in.) 

74,000 
64,000 
55,000 
36,000 



COI-MEITS SUPPLIED BY THE KAMUFACTUEER 



FOEGEABILITY About the same as 17¥. 
MACHiriABILITY About the same as 17W. 
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NACA 



ALLOY 



5 (R1074) 



MANUFACTURER Universal-Cyclops Steel Corporation 



COMPOSmON 



TREATMEM' 



0.52^ C, 0.94^ Si, 2.12^ I^In, 13.86fo Cr, 19.5sfo Ki, 
10. 9C^ Co, 3.23^ Mo, 0.91^ Cb, l.iBfo Ta 

Melted in induction furnacej 33-pound ingot, 3| by 
3^ inches. Hammered and rolled at 2060/l905O F to 
7/3- inch square bar. Rolled at 1200° F to 20.5/o 
reduction in area, Streaa relieved by soaking thru 
at 1200° F. Air cooled. 



HARDHESS 



333 Brinell 



TENSILE PROPERTIES 



Temper- Tensile Yield stress Proportional Reduction 

ature strength (lb/sain.) limit Elongation of area 

(Of) (Ib/sq in.) 0.02^ 0.2^^ (Ib/aq in.) in 2 in.) j/o) 

1200 93,500 70,000 20,000 8.0 16.7 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress ru-oture Elongation of area 
(Ib/ sq. in.) (hr) {f> in 1 in.) {%) 



87,000 


0.77 


4.0 


7.0 


80,000 


0.97 


4.0 


6.1 


50,000 


48.0 


5.0 


4.2 


35,000 


289. 


4.0 


3.7 


30,000 


758. 


6.0 


5.3 



Vickers Hardness: As received - 323 

After 758 hours at 1200° F - 283 



Alloy 5 (E1074) continued 



ETPSSS-EUP'TUSE PEOPERTIES AT 1200^ F 
(Estiinated frcm plot of test data) 



Time for 

rupture 

1 
10 

100 
1000 



stress 
(Ih/Bd In.) 

84,000 
66,500 
44,000 
26,300 



CO^MEriTS SUPPLIED BY TEE MAMJFACTUEER 



FOEGEABILITY Somewhat more difficult to forge than 17W. 
MACHIMBILITY Somewhat more difficult to machine than 17W. 
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WACA 



ALLOY 5M (R1565) 

MAIILTACTURESR Universal-Cyclops Steel Corporation 



COMPOSmON 



TREATMEKT 



0.53^ C, 0.67^ S',, C.,55"/i Mn, 13.24^ Ci 
19. 46^^ Ni, il,M'j6 Co, 2.75^,0 Mo, 2.33^ 



Cb. 



HARDHESS 



Melted in. an induction fiurnaoo; 33-pound ingot. 
HaiDff.er ccgsed 2075/1720° F to 2 ty 2 Inches. Hot 
rolled 2070/1900° F to 7/8- inch square bars. 
Heated 1 hour at 2100° F and air cooled. Reheated 
to 1200° F reduced in area 2Gjo by rolling. 
Stress relieved by heating through at 1200° F and 
air cooled. 

298 Brinell 



Temper- 
ature 



80 
1200 



TMSILS PEOPEllTrHiS 

Tensile Yield strers Proportional Reduction 
strength (Ib/sq in. ) linit Elongation of area 



(°F) (I b/sq in.) 0.02fo 0.2^ (Ib/aq i n.) { fo in 2 in. ) {%)_ 

9.0 31.4 
10.0 25.0 



151,500* 
99,500* 

*Tensile tests on 0.160- inch diameter bars. 



STRESS-RUPTURE DATA AT 1200° F 



Time for 

Stress rupture 
(Ib/aq in.) (hr) 



Reduction 

Elongation of area 
(fo in 1 in.) (fo) 



88,000 


.15 


13.0 


36.9 


76,000 


2.08 


6.0 


13.8 


58,000 


23.5 


10.0 


18.9 


50,000 


66.5 


7.0 


6.7 


45,000 


74.0 


12.0 


8.4 


42,000 


174.5 


6.0 


6.2 



Vickers Hardness: As received - 336 

After 174.5 holers at 1200° F - 281 



Alloy 5M continued 



STP3i;S3-EIJPTlIRE PROPERTIES AT 1200^ F 
(Estimted I'rom plot of test data) 



Time for 

rupture Stress 

(hr) . il^lIiUJ^A 

1 78,500 

10 66,000 

100 4:8,000 

1000 31^500 



C0^5M7:KTS SUPPLIED BY THE MAKUFACTUEER 



FOEGEABILITY Somewhat more difficult than 17W, 
MACHIKA3ILITY Somewhat more difficult than 17W. 



146 



NACA 



ALLOY 



5MM (R1567) 



MAFJFaCTURER Universal-Cyclops Steel Corporation 



COMPOSITION 



TEEATMEKT 



O.ll!^ C, 0,45^' Si, 1.51^2 Mn, 13.32^ Or, 19,4? 
10.72!^ Co, 2.77^ Mo, l.Ssf' Cb. ■ 



Ni, 



Melted in an induction furn3,ce; 33-pouiid ingot. 
Hanu^ier ooi^jreA 2075/1730^ F to 2 by 2 inches. Hot 
rolled 2070/1900^ F to 7/8- by 7/8-ihch square 
bar. Heated 1 hour at 21000 F and air cooled. 
Reheated to 1200^ F and reduced in area 23.72^ by 
rolling. Stress relieved by heating through at 
1200^ F and air cooled. 



HARDNESS 



247 Brinell 



TENSILE PEOPE?.TISS 

Temper- Tensile Yield stress Proportional Reduction 

ature strength ^ (ib/sg in.) limit Elongation of area 

(OF) (Ib/sg in.) 0.0 2"^ 0.27^ (Ib/gg. in.) {fo In 2 in.) (%) 

80 117,250 86^000 103,100 

118,750 87,400 103,750 

1200 86,750 80,000 
86,250 82,100 



67,500 


24.0 


57.8 


70,000 


25.0 


58.0 


45,000 


18.0 


50.3 


47,500 


18.0 


54.4 



STRESS-P.UPTUEE DATA AT .1200° F 

Time for Reduction 

Strssa rupture Elongation of area 

(iVsq in.) (hr) (fo in 1 in. ) (^) 

81,000 0.20 10.0 46.9 

72,000 4.42 4.0 14.3 

50,000 67.0 2.0 8.5 

45,000 100.0 2.0 1.3 

38,000 234.5 2.0 0.5 



Vlckers Hardness: As received - 235 

After 234.5 hours at 1200° F - 272 



Alloy 5MM continued 



STPvESS-RUPTlIRE PEOPERTIES AT 1200° F 
(Estimated from plot of test data) 



Time for 
ruTDture 
(hr) 



1 

10 
100 
1000 



stress 
(Ib /Bq. in.) 

76,000 
70,000 
45,000 
28,000 



CCMMEifPS SUPPLIED BY TEE MAUUFACTCJKER 



FOEGEABILITY Somewliat more difficult than 17W. 

MACHinffilLITY Somewhat more difficult than 17W. 



148 



MCA 



MxLOY 

MAUUFACTURSR 
COMPOSITION 

TREATMEKT 



1 (E1033) 

Universal-Cyclops Steel Corporation 

0.14^ C, 1.16^ Si, 1.5S^' l^r., la.Bsi Cr, 15.36^ Ni, 
12.S57^ Co., 2.26^ Mo, 1.06;^ Cb, 0.048/^ Ta 

Melted in Induction furnace; 33-pound ingot ,^ 3| 
Inchea square, Haataered and rolled at 2065/1900° F 
to 7/'8"inch siguars bar. Then reduced in area 25.^0 
by rollii:^ at 1>200° F. Gtress relieved by soaking 
thru at 1200" F. Air cooled. 



HAEDKESS 



Brinell 266 



TENSILE PROPERTIES 



Temper- Tensile Yield stress Proportional Reduction 
ature strej^gth (1^/^-9 in. \ limit Elongation of area 

^°F) (Ib/gq. in J 0.0# 0.,2^^ (Ib.-'g g, In, ) in 2 in .) 



80 



127,875 
123,500 



1200 93,500 



95,500 114,250 
95,000 116,000 



86,000 



65,000 
65,000 



35,000 



25.0 
25.0 

21.0 



52.7 
53.0 

45.5 



STRESS-RUPTURE DATA AT 1200° F 



Stress 



76,000 
71,000 
50,000 
45,000 
40,000 
35,000 



Time for 
rupture 
(hr) 


Elongation 
in 1 in.) 


Reduction 
of area 


1.48 


16,0 


48.7 


3.40 


14.0 


40.0 


75.0 


6.0 


6.2 


115. 


2.0 


3.0 


175. 


4.0 


16.7 


333. 


4.0 


6.9 



Vickers Hardness: As received - 229 

After 333 hours at 1200° F - 165 



Alloy 1 (E1033) continued 



STEESS-EUPTURE PEOPEBTIES AT 1200^ F 
(Estimated from plot of test data) 



Time for 
rupture 
(hr) 

1 

10 
100 
1000 



stress 
(lT?/s(l In.) 

78,000 
66,000 
46,000 
27,000 



COmEmiS SUPPLIED BY TEE MAHUFACTUEER 



FOBGEABILITY Somewhat more dlff Ictilt to forge than 17W, 
MACHIMBILITY Somewhat more difficult to machine than 17V7, 
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NACA 

ALLOY IM (H1564) 

MAI^fUFACTUEER Univ8r£:al-Cyclops Steel Corporation 

COMPOSITION 0.22^ C, O.fJS^ 31, 0,52^ Mn, 18.20^ Cr, 15.15^ Ni, 
• 10.58;^ Co. 2.9i:?3Mo, 1.25'^ Cb. 

TREATMEKT Melted in an induction furnace; 33-pound ingot. 

Hanner coesad 2075/1700'^ F to 2 by 2 Inches. Hot 
rolled 2070/1900° ? to 7/8 -Inch square bar. Heated 
1 hour at 2100° F and air cooled. Reheated to 
1200° F and reduced in area 22.36"^ by rolling. 
Stress relieved by heatiiig through at 1200° F and 
air cooled. 

HARDinESS 296 Brinell 



TffllSILS PSOPEIITISS 

Temper- Tensile Yield stress ProportiorMil Reduction 
ature strength (Ib./sq in. \ limit Elongation of area 

(Ib/sq in.) in 2 in. ) 



( °Fj (Ib/sq in.) 0.02^ 0, 2 
80 



1200 



140,500 
139,500 

95,500 
92,750 



106,000 125,000 
102,500 122,500 

82^600 
81,700 



85,000 


23,5 


41.9 


82,500 


23.0 


44.9 


22,500 


17.5 


39.8 


20,000 


17.0 


40.7 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress raptui'e Elongation of ajrea 
(IbM in.) (hr) (fo in 1 in.) {%) 

85,000 .17 26.0 52.7 

72,000 1.10 16.0 44.7 

58,000 91.0 8.0 16.7 

55,000 156.0 6.0 10.9 

50,000 204.0 4.0 4.8 

45,000 486.0 4.0 1.8 

32,000 Discontinued at 1021 hours. 



Vickers Hardness: As received - 267 

After 486 hours at 1200° F - 284 



Alloy IM continued 



STPESS-SUPTURE PROPERTIES AT 1200© I 
(Estimated from plot of test data) 

Tliae for Stress 
rupture (W^a in.) 
(iir) 



1 74,500 

10 55,000 

100 57,000 

1000 40,500 



COMMENTS SUPPLIED BY THE NRIJUFACTURER 



FOEGEABHITY Somewhat more difx^icult than 17W. 



MACHIKABILITY Somewhat more difficult than 17W. 
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MCA 



ALLOY 



8 (E1570) 



MAKUFACTUEER Universal- Cyclops Steel Corporation 



COMPOSITION 



TREATMEIHT 



0.24^ C, 1.30^ Si, 0.62^0 Mn, 17,79^ Cr, 14.82^ Ni, 
10.40^ Co, 5.93^ Mo, 1.35% Cb. 

Melted in an induction furnace, 33-poimd ingot. 
Harr^r cogged 2075/1730° F to 2 "by 2 inches. Hot 
rolled 2070/1900° F to 7/8- inch square bar. 
Heated 1 hour at 2100° F and air cooled. Re- 
heated to 1200° F and reduced in area 22. 30^ 
by rolling. Stress relieved by heating through 
at 1200° F and air cooled. 



HARDNESS 



302 Brinell 



TENSILE PR( 

Temper- Tensile Yield stress 
ature strength (^^/^^ ^^'J 
(Of) (Ib/sq in.) 0.0^ O.'^o 



80 141,500 99,800 126,800 

140,500 103,000 127,200 

1200 97,250 85,200 

97,000 81,500 



•EETIES 

Proportional Reduction 

limit Elongation of area 

(Ib/sg in. ) (i in 2 in. ) (%) 



70,000 


17.0 


28.8 


72,500 


15.0 


33.4 


40,000 


14.0 


34.1 


35,000 


13.5 


33.7 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) (i In 1 in. ) (%) 



84,000 


.72 


14.0 


36.4 


72,000 


2.18 


13.0 


17.7 


52,000 


89.5 


5.0 


3.7 


48,000 


223.0 


4.0 


3.7 


44,000 


338.5 


4.0 


4.2 


38,000 


608.5 


4.0 


1.2 



Vickers Hardness: As received - 314 

After 608.5 hours at 1200° F - 320 



Alloy 8 continued 



STP^3S-^RLT':^ur<ii; fi?cpsrties at 1200^ F 

(EFjtiEiated fron plot of test data) 

Time for. C^tress 
rupture {Ih/sq, in.) 

(iir) 



1 sr. ^000 

10 6^^: ^000 

100 5:^ poo 

1000 5.1,000 



COMI^'IESITS SUPPLIED BY TSS Mt^lKJT'ACTUHER 



F0EG:^AJ3ILITY Somswhst more difficult than 17W. 



MACHINAEILITY Somevliat more difficult than 17^, 
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KACA 

ALLOY 8M (E1571) 

MAmiFACTL^SR Universal-Cyclops Steel Corporation 



COMPOS ITICK 
TEEATMECIT 



HARDNESS 



0,23fo 1.36% Si, 0.63^ Mn, 17.79^i Cr, 15. 31^0 Ni, 

Melted in an induction fa-^-naco, 33-pound ingot. 
Hamr-L' oor^i^A 2080/1730'^ F to 2 2 inches. Hot 
rolled 2070/1900^ F to 7/c;-inch square bar. 
Heated 1 hour at 2100^ F and air cooled. Re- 
heated to 1200^ F and reduced in area 22.42^ 
by rolling. Stress relieved by heating through 
at 1200^ F and air cooled. 

306 Brinell 



Temper 
at lore 



TSKSILE PROPERTIES 

Tensile Yield stress Proportional Reduction 
strength (ib/sq in.) limit Elongation of area 



i^^) (iVsq in.) 0.02y^ 0.2^ (ro/sg in.) {jo in 2 in. ) 



80 


138,300 
140,000 


90,600 
101,000 


123,200 
128,000 


55,000 
62,500 


13.5 
16.0 


1200 


98,250 
98,000 




81,800 
84,700 


25,000 
25,000 


12,0 
13.5 



31.1 
31.4 

31.5 
33.7 



STREGS-SUPTURE DATA AT 1200° F 



Time for Reduction 

Stress rupture Elongation of ^rea 
(iVs^ in.) (lir) in 1 in. ) {%) 



84,000 


0.45 


15.0 


41.3 


75,000 


1.47 


10.0 


22.3 


50,000 


158.0 


5.0 


9.7 


45,000 


219,5 


6.0 


4.9 


38,000 


468.0 


3.0 


1.8 



Viclcers Hardness: As received - 298 

After 468 hovirs at 1200° F - 331 



Alloy 8M continued 



STRESS-RUPTURE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
rupture (Ib/sq in.) 

(hr) 



1 78,000 

10 64,000 

100 52,000 

1000 31,000 



C0^5MEETS SUPPLIED BI THE MAMFACTURER 



FORGEABILITY Somewhat more difficult than 17W. 



MAGHINABILITY Scmevhat more difficult than 17W. 
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NACA 
ALLOY 

MAMJFACnJRER 
COlvlPOSlTION 

TREATl^EKT 



mDNESS 



2 (R1034) 

Universal-CyclopB Steel Corporation 

0.22^/5 C, 1.35?^ Si, 1,86/= Mn, IQ.llio Qr, 15.0^ Kl, 
19.46^ Cc, 2.23^Mo, 1.13^ Cb, 0.92^ Ta, 0.052!^ Wg. 

Melted in induction fujrne.ce, 33--pound ingot, 3| by 
3| inchsB. Earmereci and i'oli.ed at 2070/1895° F to 
7/8- inch BCiuare bar. Thou reduced 22^ in area by 
rolling at 120C° F, Stress relieved by soakirig thru 
at 1200° F. Air cooled. 

297 Brine 11 



TEJfSILE H?0P3RTIE3 

Temper- Tensile Yield stress rroportional Eeduction 

ature strength (Ib/aqln.) limit Elongation of area 

fOF) (Ib/aa in. ) 0.02^/ 0.?J^ (ib/oQ in.) in 2 in.) (?) 



80 



1200 



US, 000 112,000 128,000 
148,875 108,000 131,500 



91,625 
91,850 



82,000 

STESSS-RUPTUEE DATA AT 1200° F 



82,500 


21.0 


39.1 


80,000 


21.0 


36. 6 




15.0 


28.5 


15,000 


18.0 


35.0 



Tine for 
Stress rupture 
(Ib/sq in.) (hr) 



82,000 
72,000 

55,000 



Eeduction 
Elongation of area 
' in 1 m . ) {i) 



50,000 
45,000 



0.49 


17.0 


30.8 


1.25 


14.0 


26.1 


93.5 


24.0 


42.7 


177. 


30.0 


50.2 


459. 


18.0 


49.2 



Vickera Hardness: As received - 290 

After 459 hours at 1200° F - 316 



Alloy 2 (E1034) continued 



STEESS-RUFTURE EROPEHTIES AT 1200° F 
(Sstimated from plot of test data) 

Time for Stress 
rupture (iV^^ in. ) 
(hr) 



1 77,000 

10 65,000 

100 54.000 

1000 41 ',000 



COMMEHTS SUPPLIED BY THE MANUFACTUSEH 



FORGEABILITY Somewhat more difficult to forge than 17W. 
MACHmEILITY Somewhat more difficult to machine than 17W. 
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NACA 



AliOY 



2M (R2002) 



MANUFACTURER Universal- Cyclops Steel Corporation 



composh'ion 



TREATUffllT 



0.23^ C, 1.17^ Si, 1.80^^ Mn, 18.88^ Cr, 14.55^ Ni, 
20.31^ Co, 2,21^ Mo, 2.20^ Cb, 

Melted in an induction furnace, 33-pound ingot. 
Hammer cogged at 2055/1300° F to 7/8-inch square 
bar. Heated to 2000° F for 1 hour and air cooled. 
Reheated to 1200° F and reduced in area 27.23^ 
by rolling. Stress relieved by heating through 
at 1200° F and air cooled. 



HARDLIESS 



277 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/sq. In. ) limit Elongation of area 
(°F) (Ib/sq in.) 0.02f^ 0.2^ (ib/sq In.) (fo in 2 in.) (%) 



80 


142,850 
145,350 


97,5i"i0 
102,000 


121,000 
124^000 


72,500 
72,500 


23.0 
22.0 


49.8 
43.4 


1200 


102,000 
103,000 




89j000 
86,500 


50,000 
45,000 


14.0 
13.0 


40.7 
39.1 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) (j in 1 in. ) jfo) 



90,000 0.15 12.0 45.6 

78,000 2.10 13.0 25.4 

55,000 83.0 5.0 6.2 

50,000 329.0 1.0 1.2 

45,000 828.0 2.0 2.5 



Vickers Hardness: As received - 297 

After 828 hours at 1200° F - 315 



Alloy 2M continued 



STRESS-EUPTTJRE PROPERTIES AT 1200^ F 
(Estiiiiated from plot of test data) 

Time for Stress 
rupture (It/aq in.) 

(hr) 



1 81^000 

10 72^000 

100 56^000 

1000 44^000 



COMMEKTS SUPPLIED BY THE MMTUFACTTJRER 



FOEGEABILITY Somewhat more difficult than 17W. 



MACHIKABILITY Somewhat more difficult tbjtn 17W. 
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NACA 



ALLOY 



2MM 



MAEUFACTUEER Universal-Cyclops Steel Corporation 



COMPOSITION 



TREATMEjST 



0.23^ C, 0.47^ Si, 1.76^ Mn, 18.95^ Cr, 14.74^ Ni, 
20.42^ Co, 2.09^ Mo, 2.11^ Cb. 

Melted in an induction furnace; 33-pound ingot. 
Hammer cogged at 2055/1300° F to 7/8-inch square 
bar. Heated to 2000° F for 1 hour and air cooled. 
Reheated to 1200° F and reduced in ai-ea 25.61^ 
by rolling. Stress relieved by heating through 
at 1200° F and air cooled. 



HARDNESS 



298 Brinell 



TENSILE raOPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sq in.) limit Elongation of area 

(°F) (lb/ so in.) 0.02^ 0.2^ (i b/sq in.) in 2 in. ) {%) 



80 


143,100 


99,500 


124,500 


80,000 


23.5 


49.5 




144,700 


99,500 


125,000 


77,500 


23.5 


48.7 


12-^0 


104,750 




89,500 


35,000 


12.5 


40.7 




99,250 




89,500 


35,000 


14.0 


35.0 



STKESS-RUPTURE MTA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) In 1 in. ) ()&) 



90,000 


0.20 


10.0 


43.8 


80,000 


1.35 


10.0 


28.2 


60,000 


38.5 


2.0 


1.8 


55,000 


251.0 


3.0 


3.8 


50,000 


556.5 


2.0 


1.3 



Viclcers Hardness: As received - 321 

After 556.5 hours at 120CP F - 323 



Alloy 2MM continued 



STRESS-RTJPTDEE PROPERTIES AT 1200O F 
(Estimated from plot of test data) 

Time for Stress 
rupture (iV^a in.) 

(hr) 



1 81,000 

10 68,000 

100 57,000 

1000 48,500 



COMMENTS SUPPLIED BY THE MANUFACTURER 



FORGEABILITY Somevhat more difficult than 17W. 
MACHnTABILITY Somewhat more difficult than 17W. 
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IIACA 



ALLOY 



6 (R1075) 



MAI'JUFACTURER Universal-Cyclops Steel Corporation 



COMPOSITION 



TREATMENT 



0.26^ C, 1.44^5 81, 2.14^ Mn, 17.83^ Cr, 24.73^ Ni, 
19.63^ Co, 3.66^ Mo, 1.51^ Cb, 1.05^ Ta, 0.071^ Ng. 



Mslted In induction furnace; 33 poujid heat, 3| by 
3| inches s^uai-e. Hajamered and rolled at 2090/1900° F 
to 7/8- inch square "bar. Eolled at 1200° F to 22.6^ 
rsduction in area. Stress relieved by soaking thru 
at 1200° F. Air cooled. 



HARDNESS 



286-307 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield strens Proportional Reduction 

atui'e strength (Ib/sq in,) limit Elongation of area 

(°F) (Ib/sq in. ) 0.02^ 0.2% (Ib/sg in.) in 2 in.) (j) 

80 147,750 1^^0,500 130,500 57,500 15.0 29.6 

147,875 115,000 134,500 87,500 13.0 30.1 

1200 96,250 81,250 25,000 20.0 29.5 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(i b/sq in.) (hr) in 1 in. ) (>) 



85,000 


0.30 


20.0 


39.3 


72,000 


2.27 


26.0 


31.9 


50,000 


90.2 


16.0 


27.7 


45,000 


335. 


15.0 


19.0 


40,000 


1109. 


12.0 


23.9 



Vickers Hardness: As received - 297 

After 1109 hoixrs at 1200^ F - 309 



Alloy 6 (R1075) continued 



STRESS-RUPTTJRE PKOPERTIES AT 1200° F 
(Eatlmated from plot of test data) 

Time for Stress 
rupture (It/si in* ) 



1 76,000 

10 62,000 

100 50,000 

1000 40,200 



COMMEFTS SUPPLIED BY TEE M.4NUFACTURER 



FORGEABILITY Somewhat more difficult to forge than 17W. 
MACHINAB3XITY Somevbat more difficult to machine than 17W. 
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MCA 

AII.OY 6M (R2000) 

M/UmFACTURER Universal-Cyclops Steel Corporation 

COMPOSITION 0.31^ C, 1.44^ Si, 2.25^ Mn, 17.88^ Cr, 24.45^ Ni, 
20.75^ Co, 3.16^ Mo, 2.44^ Cb. 

TEEATMEIW Melted in an induction furnace, 33-pound ingot. 

Hammer cogged at 2055/1300° F to 7/8- inch sqmre 
bar. Heated to 2000° F for 1 hour and air cooled. 
Reheated to 1200° F and reduced in area 26.09^ by 
rolling. Stress relieved by heating thro'ogh at 
1200° F and air cooled. 



H^J^DIffiSS 



317 Brinell 



TENSILE PROPERTIES 



Temper- Tensile Yield stress Proportional Reduction 



at lire 

(Of) 


strength 
(Ib/aq in.) 


(Ib/sq in.) 
0.02/4' 0.2^ 


limit 
(Ib/sq in.) 


Elongation 
In 2 in.) 


of ar 
i'f) 


80 


157,000 


113,500 140,000 


82,500 


12.0 


31.8 




158,000 


U2,0':^0 140,000 


82,500 


12.5 


28,3 


1200 


103,750 


83,000 


35,000 


11.0 


23.4 




108,000 


93,000 


50,000 


10.5 


20.6 



STRESS-RUPTURE DATA AT 1200° F 



Time for Reduction 
Stress rupture Elongation of area 
(Ib/aq in.) (hr) in 1 in. ) (j) 



90,000 


0.23 


7.0 


10.8 


73,000 


1.13 


5.0 


14.4 


56,000 


94.5 


4.0 


7.3 


50,000 


226.5 


4.0 


3.7 


45,000 


859.0 


1.0 


1.2 



Vlclcers Hardness: As received - 316 

After 859 hours at 1200° F - 309 



Alloy 6M continued 



STRESS-EUPTURE PEOEERTHS AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
ruptijre (It/s^ in.) 

(hr) 



1 81,000 

10 71,000 

100 56,000 

1000 44,000 



COMMEnSTS SUPPLIED BY THE MANUFACTURER 



FOEGEABILITy Somewhat more difficult than 17W. 
MACHINABILITy Somewhat more difficult than 17W. 
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6MM (R2001) 

Universal-Cyclops Steel Corporation 

0.31^ C, 0,63^ Si, 1.75^ Mn, 17.78^ Cr, 24.42^ Ni, 
20.49^ Co, 3,25^ Mo, 2.66^ Cb. 

Melted in an induction furnace, 33-pound iiigot. 
Earner cogged at 2055/1300^ F to 7/8- inch square 
bar. Heated to 2000^ F for 1 hour and air cooled. 
Reheated to 1200^ F and reduced in area 24.82^ by 
rolling. Stress relieved by heating through at 
1200^ F and air cooled, 

321 Brinell 



TENSILE PROPERTIES 
Temper- Tensile Yield stress Proportional Reduction 



ature 

(Of) 


strength 
(Ib/sq in.) 


(It/sq in.) 
0.02$ 0.2% 


limi/L. 
(Ib/sq in.) 


Elongation 
( ^ in 2 in. ) 


of 

{%) 


80 


156,500 


106,000 113,500 


72,500 


17.0 


36.2 




157,500 


117,000 140,000 


85,000 


13.0 


31.2 


1200 


112,000 


97,500 


37,500 


12.0 


29.2 




102,750 


92,000 


30,000 


13.0 


32.8 



STRESS-RUPTURE DATA AT 1200<^ F 

Time for Reduction 
Stress rupture Elongation of Ajcqo. 
(Ib/sg In.) (hr) (^In 1 In.) (%) 



95,000 


0.30 


9.0 


31. P 


90,000 


1.56 


8.0 


25. S 


66,000 


73.0 


7.0 


9.7 


50,000 


343.0 


6.0 


6.2 


56,000 


456.0 


5.0 


8.6 


50,000 


1552.0 


4.0 


7.2 



Vickers Hardness: As received - 298 

After 1552 hours at 1200° F - 316 



NACA 
AIJLOY 

MNUFACTUEER 
COMPOSITION 

TREATMSKIT 



HARDNESS 



Alloy 6MM continued 



STRESS-RUPTURE PROPERTIES AT 1200*^ F 
(Eotlaated from plot of test data) 

Time for Stress 
rupture (iV^a in.) 



1 91,000 

10 84,000 

100 64,000 

1000 52,500 



COMMEUTS SUPPLIEI) BY THE R^riUFACTURSR 



FOEGEABILITy Somewhat more difficult than 17W. 

♦ 

MA.CHINABILITY Somewhat Eiore difficult than 17W. 
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MCA 

ALLOY H350 

M'^iNUFACTLTIEE Union Car"bide and Carbon Research Laboratories, Inc. 

COMPOSITION 0.35^ C, 0,60^ Si, 1.5% Mn, 15,0^ Cr, 15.0^ Nl, 
IS.O^ Co, 3.C> Mo 

TREATMEM' Malted in an induction furnace; 30 to 35 pound heat. 

Ingot v'^s forged to a l|-inch round bar and then rolled 
to a 3/4* inch round "bar. Initial forging temperature- 
2^00 to 2100^' F, f"ml rolling temperaT:vore - 1350 to 
1425^ F. Ko f^iubeeq^uent heat treatment. 

285 -295 Brinell 



TMSILE PROPERTIES 



Temper- 

atVvi-'e 


Tensile 
strength 
(ll»/svi in. ) 


Yield rjtreps 
(Ib/si in.), 
0.02% o.th 


Proportional 

linlt 
(Ib/aq in. ) 


Elongation 
in 2 in.) 


Reduction 
of area 

m 


80 


130,000 


83,000 


105,250 


62,500 


21.0 


39.1 




151,500 


105,000 


123,000 


85,000 


23.0 


36.0 




137,250 


90,000 


112,000 


57,500 


18.0 


44.3 


1200 


94,750 




75,000 


35,000 


20.0 


32.0 




91,125 




71,250 


35,000 


18.0 


34.4 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of ^rea 
(iVsq in.) (hr) in 1 in. ) {$) 



85,000 


0.01 


22.0 


41.5 


70,000 


0.67 


22.0 


41.3 


60,000 


3.05 


29.0 


36.0 


48,000 


75,5 


26.0 


26.7 


40,000 


202. 


12.0 


17,2 


30,000 


822. 


30.0 


34.0 



Vickers Hardness: As received - 328 

After 822 hours at 1200° F - 238 



Alloy E350 continued 



STRBSS-RUPTORE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
ruptiire (iVs^ In.) 

(hr) 



1 68,000 

10 56,000 

100 46,000 

1000 28,700 



C0MMS3STS SUPPLIED BY TEE MANUFACTURER 



FOEGEABILITY Forged and rolled without difficulty. 
MACHINABILITY Metal turned and threaded without difflcuJLty. 
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NACA 
ALLOY 

MAI-IIFACTURER 
COMPOSmON 

TREATMENT 



1073 - Aimealed* (Union Carbide and Carbon Research 

Laboratories, Inc., Alloy H350) 

Allegheny Ludlum Steel Corporation 

0.325^ C, 1.48^ Mn, 15.21^ Cr, 16.0^ Ni, 15.93^ Co, 
2.94^ Mo, 0.017^ ?, 0.021^ S, 0.052^ . 

Melted in an electric arc fxirnace and cast into a 
9- inch insot, forged at 2175° F. Required about 
10 reheat ings to bring ingot down to 3/4 inch 
sq.uare. Heated 1 hour at 2200° F and air cooled. 



HAEDHESS 



207-199 Brinell 



TimSILE PROPERTIES 



Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/sq in.) limit Elongation of area 

(OF) (Ib/sq in .) 0.02^ 0.2^ (ib/sq In.) in 2 in. ) (^) 



80 


104,000 


34,000 


50,000 


20,000 


42.5 


47.5 




115,750 


40,500 


51,000 


25,000 


40.5 


41.9 


1200 


82,500 




32,500 


25,000 


19.5 


21.6 




76,000 




32,500 


25,000 


13.5 


16.0 



STRESS-EUPTURE DATA AT 1200° F 

Time for Reduction 

Stress rupture Elongation of area 
(Ib/sq in.) (hr) in 1 in.) (fo) 



67,000 


1.17 


10.0 


7.8 


60,000 


2.10 


4.0 


12.1 


52,000 


72.0 


6.0 


12.1 


45,000 


149.0 


5.0 


3.1 


38,000 


331.0 


4.0 


6,1 



Vickers Hardness: As received - 211 

After 331 hours at 1200° F -261 
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Alloy 1073 - Annealed continued 



STEESS-EUPTURE PROPERTIES AT 1200^ F 
(Estimated from plot of test data) 

TiMe for Stress 
rupture (lt)/sq in. ) 

(hv) 



I 63,000 

10 58,000 

100 49,000 

ICOO 50,000 



COMyEFfS SUPPLIED BY THE MANUFACTURER 



FORGEABILIT'Y Forged and rolled without difficulty. 
MACHIHABILITY Metal turned and threaded without difficulty. 



^Alloys 1073 - Annealed and 1073 - "Cold" Worked are from the same 
heat and differ only in the procesBing following hot work. 
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NACA 
ALLOY 

MANUFACTURER 
COMPOSITION 

TREATMENT 



1073 - "Cold" Worked* (Union Cai-tide and Carbon 
Kesearch Laboratories, Inc. Alloy H350) 

Allegheny Ludlum Steel Corporation 

0.32^ C, 1.4S^ Mn, 15.21^ Cr, 16.^0^ Ni, 15.93^ Co, 
2.94^ Mo, .OI'/^ P, ,021^ 3, .052^ Ng. 

Melted in an electric arc furnace and cast into 
a 9-inch ingot, forged at 2175° F. Eequired about 
10 reheatings to bring ingot dovn to 3/4-inch 
square tar. Tcrged at 12i;0=^-1400° F for the 
laot reduction. Di'av:^! back 6 hours at 

1200° F. 



HAEDNESS 



251-300 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield atrosa Proportional Reduction 
ature stren-^'th (lb/&q In.) limit Elongation of area 

(^) (iVsc^ \n.) 0.0^ 0.2$ (lb/\-q in.) {j in 2 in .) (j) 

80 123,000 
145,250 

1200 81,250 
74,250 



75,5(^0 


93, COO 


52,500 


15.0 


36.0 


87,500 


115,500 


62,500 


17.0 


33,1 




69,500 


42,500 


25.5 


41.2 








21.0 


49.8 



STEESS-RUPTL^?E DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) in 1 in. ) (^) 



66,000 


1.00 


28.0 


51.8 


60,000 


1.87 


22.0 


44.7 


45,000 


59.0 


22.0 


34.0 


40,000 


281.0 


6.0 


14.3 


35,000 


554.0 


20.0 


38.0 



Vickers Hardness: As received - 259 

After 554 hours at 1200° I* • 254 
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Alloy 1^73 - '^Cold" Worked continued 



STEESS-EUPTURE PROPERTIES AT 1200^ F 
(Estimated from plot of test data) 

Time for Stress 
rupture (l"b/s<l in. ) 

(hr) 



1 66,000 

10 53,500 

100 43,000 

1000 35,000 



COMMENTS SUPPLIED BY THE MANUFACTURER 



FORGEABILITY Forged and rolled vithout difficulty, 
MACHIKABILITY Metal turned and threaded without difficulty. 



^Alloys 1073 - Annealed and 1073 - *'Cold" Worked are from the same 
heat and differ only in the processing following hot work. 
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MCA 
ALLOY 

MANUFACTURER 

COMPOS rnoN 

TREATI-iENT 



H351 

Union CarTaide and Carbon Research Latoratories, Inc. 

0.35^ C, 0.60/j Si, 1.5^ Mn, 15.0^ Cr, 16.0^ Ni, 
25.0^ Co, 3.0/0 Mo 

Melted in an induction furnace; 30 to 35 pound heat. 
Ingot vc.s forgod to a l|- iiach round bar and then 
rolled to a 3/4-inch round bar. Initial forging tem- 
perature - 2000 to 2100° F, final rolling temperature - 
1350 to 1425° F. No subsequent heat treatment. 



EiffiDNESS 



250 Brinell 



TENSILE PROPEIWIES 

Temper- Tensile Yield Btrees Proportional Reduction 

ature strength (Ib/sqin. ) 3.1:aiit Elongation of area 

(°F ) (Ib/sq in.) 0.02^ 0.2^ (ib/sq in.) in 2 in.) {%) 



80 


124,750 


62,500 


83,700 


47,000 


32.0 


41.9 




132,000 


74,500 


95,000 


50,000 


29.5 


39.1 




129,500 


75,200 


31,500 


50,000 


34.0 


45.2 


1200 


90,750 




65,000 


45,000 


25.5 


31.8 




90,850 




59,500 


37,500 


27.5 


32.5 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 

Stress ruptiu-e Elongation of firea 

(Ib/sq in.) (hr) (fo in 1 in. ) ( A>) 

82,000 0.63 23.0 36.0 

75,000 1.70 16.0 25.5 

55,000 19.8 28.0 36.0 

40,000 167.5 13. 0 25.1 

30,000 1854. 6.0 12.1 



Vickers Hardness: As received - 273 

After 1854 hours at 1200° F - 261 



Alloy H351 continued 



STRESS-RUPTURE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
rupture (Ib/scL in.) 

(hr) 



1 79,000 

10 61,000 

100 44,500 

1000 32,500 



C0MME3STS SUPPLIED BY THE MAWUFACTURER 



FOEGEABILITY Forged and rolled without difficulty 
MACHINABILrrY Metal turned and threaded without difficulty 
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NACA 

ALLOY 

MANUFACTURER 
COMPOSITION 

TREATMENT 



H357 

Union Carbide and Carbon Eesearch Laboratories, Inc. 

0.55^^ C, 0.60^ Si, 1.5^ Mn, 15.0^ Cr, 16.0^ Ni, 
25. Cf^ Co, 5.ofo Mo 

Melted in an induction furnace; 30 to 35 pound heat, 
Ingot was forgad to a l^-inch round bar and then 
rolled to a 3/4- inch round bar. Initial forging 
temperature - 2000 to 2100^ F, final rolling tem- 
perature - 1350 to 1425^ F. No subsequent heat 
treatment . 



HARDNESS 



258 Brinell 



TENSILE PROPERTIES 



Temper- 
ature 



Tensile 
strength 
(Ib/Vjg In.) 



Yield stress 
(Ib/aq. In.) 



Proportional Reduction 

limit Elongation of area 

(Ib/sq in.) ifo in 2 in.) (j) 



80 


133,250 


68,500 


92,500 


45,000 


25.5 


19.9 




132,000 


68,500 


88,250 


45,000 


29.0 


33.4 


1200 


102,000 




64,500 


37,500 


21.0 


17.7 




99,000 




62,000 


35,000 


25.0 


26.8 



STRESS-RUPTURE DATA AT 1200° F 



Time for Reduction 
Stress ruptui'e Elongation of area 
(Ib/sq In.) (hr) in 1 In.) (^) 



90,000 
80,000 
54,000 
42,000 
40,000 
30,000 



0.65 
2.33 
41.5 
97.0 
238. 
1801. 



15.0 
12.5 
8.0 
7.0 
12.0 
12.0 



15.5 
13.7 
12.2 
15.6 
12.2 
19.0 



Vickere Hardness: As received - 304 

After 1801 hours at 1200° F - 264 



Alloy H357 continued 



STRESS-ET3PTTIRE PEOPEETIES AT 1200O F 
(Estimated from plot of test data) 

Time for Stress 
rupture (lVs<l in,) 

(hr) 



1 88,000 

10 62,500 

100 45,000 

1000 32,400 



COMMEHTS SUPPLIED BY THE MABfUFACTURER 



FORGEABILITY Forged and rolled without difficulty 
MA.OHINABILITY Metal tiimed and threaded without difficulty 
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MCA 

ALLOY H479 

M/VNUFACTURER Union Cartide and Carbon Research Laboratories, Inc. 

COMPOSITION 0.35^ C_, 15.0?5 Cr, 20.0!^ Ni, 20.0^ Co, 5,0^ Mo 

TR3ATMEKT Melted in an induction furnace; 30 to 35 pound heat. 
Ingot vas forged to a 3/4- inch roimd bar. Initial 
forging temperature - 2000 to 2100'-' F, final forging 
temperatui'o - 1350 to 1425"-^ F. No subseq.uent heat 
treatment . 

HARDNESS 263 Brinell 



Temper- 
atm-e 



TENSILE H?OPERTIES 

Tensile Yield stress Proportional Reduction 
strength (Ib/sq. in.) limit Elongation of area 



( °F) (Ib/pq in.) 0.02^^ 0.2^) (Ib/gq in.) in 2 in.) 



80 125,000 



1200 



126,750 



90,750 
90,000 



73,000 93,750 
74,000 94,700 

68,500 
68,000 



30,000 
30,000 • 

32,500 
32,500 



21.0 
23.0 

19.0 
24.0 



34.1 
36.0 

21.1 
29.7 



STRESS -RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation . of area 
(IbM in.) (hr) (j in 1" in. ) (j) 



80,000 


1.67 


10.0 


25.6 


70,000 


7.38 


7.0 


a;5 


50,000 


45.0 


5.0 


4.2 


37,000 


422. 


3.0 


7.3 


35,000 


568. 


6.0 


10.2 



Vlckers Hardness : As received - 285 

After 568 hovxB at 1200^ F - 278 



Alloy H479 continued 



STRESS-EUPTT3RE PROPERTIES AT 1200° F 
(Estimated from plot of teat data) 

Time for Stress 
rupture (Ib/sa In.) 
(hr) 



1 86,000 

10 62,000 

100 45,000 

1000 32,300 



COMEHTS SUPPLIED BY THE MANUFACTUREB 



FOEGEABILITY Forged without dlfflc.aty 

MACHINABILITY Metal turned and threaded without difficulty 
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NACA 



ALLOY 

MMTOFACTUEER 
COMPOSITION 

TREATMEIW 



H496 

Union Carbide smd Carbon Research Laboratories, Inc. 

0.35^ C, 15.0^ Cr, 25.0^ Ni, 10.0^ Co, 4.0^ Mo, 
2.0^ Cb, 0,08^ Ng. 

Melted in an Induction furmcej 30 to 35 pound heat. 
Ingot vas forged to a 3/4- inch round bar. Initial 
forging temperature - 2000 to 2100'-' F, final forging 
temperature - 1550 to 1425° F. No subsequent heat 
treatment . 



MRDKESE 



233-224 



TEKSUJ; EROPEaTIES 

Temper- Tensile Yield stress Proportional Reduction 

aturc- strength (Ib/sq. in. ) lliait Elongation of area 

(°F) (lb/eg in.) 0.0 2 ^ 0.2^ (Ib/sgt in.) ( in 2 in. ) (^) 



SO 


116,000 


59,400 


78,500 


47,500 


31.0 


52.4 




115,500 


58^200 


73,000 


47,500 


34.0 


54.4 


1200 


83,000 




54,000 


35,000 


21.0 


24.9 




78,500 




55,000 


35,000 


22.0 


35.0 



STRESS-RUPTURE MTA AT 1200° F 

Time for Reduction 

Stress rupture Elongation of area 
(Ib/sq in.) (hr) {$ in 1 in.) {i) 

72,000 1.28 18.0 28,8 

6"', 000 1.89 18.0 35.4 

45.000 94.0 12.0 18.3 

38,000 425. 6.0 8.5 



Vickers Hardness: As received - 273 

After 425 hours at 1200° F - 266 



Alloy H49S continued 



STRESS-RUPTUFE PROPERTIES AT 1200O F 
(Estimated from plot of test data) 



Time for 
rupture 
(hr) 



1 
10 

100 
1000 



stress 
(Ib/sq in.) 



74,500 
58,000 
44,000 
34,000 



COMMENTS SUPPLIED BY TEE MAKUFACTURER 



FOPvGEAEILITY Forged without difficulty 

MACHIWABILITY Metal turr^ed and threaded without difficulty 
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MCA 

ALLOY E414 

MAWUFACTUBEK Union Carbide and Carton Eesearch Laboratories, Inc. 

0.35^ C, 15.ofo Cr, Zb.ofom, 16,0 Co, 5.of^ Mo 



COMPOSITION 
TREATMENT 



Melted in an induction furnace; 30 to 35 pound heat. 
Ingot vas forged to a l|-inch round bar and then rolled 
to a 3/4- inch round bar. Initial forging temperature - 
2000 to 2100^ F, final rolling temperature - 1350 to 
1425^ F. No subsegtuent heat treatment. 

HARDNESS 290 Brinell 

TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 
ature strength (ib/sq. in.) limit Elongation of area 

i^F) ll^Z^q JiO 0. 02/^ 0,2^ (ib/p.q in .) in 2 in.) (/^) 



80 


130,250 


77,000 


98,500 


52,500 


16.0 


24.8 




130,250 


82,000 


102,500 


57,500 


7,0 


10.7 


12^0 


94,750 




72,000 


30,000 


11.0 


14.1 




91,250 




72,500 


25,000 


19.0 


28.5 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 

Stress rupture Elongation of area 
(Ib/sq in.) (hr) In 1 in.) (/^) 



92,000 


0.85 


10.0 


14.4 


85,000 


2.35 


13.0 


28.8 


53,000 


71.5 


6.0 


5.4 


45,000 


239, 


8.0 


10.2 


40,000 


328. 


6.0 


6.6 



Vickers Hardness: As received - 286 

After 328 hours at 1200° F - 270 



Alloy H414 continued 



STKESS-RLTPTURE PROPERTIES AT 1200^ F 
(Estimated from plot of test data) 

Time for Stress 
rupture (iVcq. in, ) 



1 90,000 

10 75,500 

100 54,000 

1000 32,500 



COtf^ENTS SUPPLIED 3Y THE MANUFACTURER 



FORGEABILITY Forged and rolled without difficulty 
MACHINABILITY Metal turned and threaded without difficulty 
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MCA 
ALLOY 



H353 



R\miFACTURER Union Carbide and Carbon Research Laboratories, Inc. 

coMPOsrnoN o.^sf c, o^eofo si, i.sfo 15.0% cr, 25.0^ Ni, 

16.(^5 Co, 2.0^ Mo, 3.0^ W 

TREATI/lEIW Melted in an induction furnace; 30 to 35 pound heat. 

Ingot vras forged to a l|-inch round bar and then 
rolled to a 3/4- inch round ber. Initial forging tem- 
perature - 2000 to 2100^ F, final rolling temperature 
1350 to 1425^ F. Ko subsequent heat treatment, 

HARDKESS 255 Brinell 



TENSIL3 PEOPERTIES 

Temper- Tensile Yield stref^a Proportional Pveductlon 

atixre strength (ib/jiq. in,) liait Elongation of area 

m (Ib/sq in. ) 0.02^ 0.^ (Ib/s g in,) (% in 2 in. ) (^) 



80 


126,750 


69,000 


89,500 


50,000 


27.0 


37.3 




123,375 


75,000 


95,000 


57,500 


26.0 


37.6 


1200 


92,750 




70,000 


37,500 


12.5 


11.5 




90,750 




65,000 


37,500 


12.0 


13.5 



STRESS -RUPTURE DATA AT 1200° F . 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) (i in 1 in. ) (fo) 



82,000 


0.12 


18.0 


21.2 


70,000 


0.55 


18.0 


21.0 


60,000 


2.73 


22.0 


28.7 


42,000 


69.0 


20.0 


26.7 


35,000 


153. 


22.0 


22.2 


32,000 


462. 


13.0 


9.0 



Vlckers Hardness: As received - 301 

After 462 hours at 1200° F - 255 



Alloy H353 continued 



STEESS-RLTTURE PEOPIRTIES AT 1200° F 
(Estimated frcaa plot of teat data) 

Time for Stress 
rupture (iV^^ in.) 
(hr ) 



1 66,000 

10 . 53,000 

100 39,000 

1000 28,700 



COMMENTS SUPPLIED BY THE MAOTFACTUEER 



FORGEABILITY 

MACHINABILITY 



Forged and rolled without difficulty 

Metal turned and threaded without difficulty 
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NACA 

ALLOY H412 

M;\iroFACTUREE Union Carbide and Carbon Research Laboratories, Inc. 

COMPOSITION 0.35^ C, 15.0^^ Cr, 25.0^ Ni, 16.0':^ Co, 2.0^ Mo, 
3.0-A^ W, 1.5^ Cb 

TEEATMEJIT Melted in an Induction furnace; 30 to 35 poimd heat. 
Ingot vaa forged to a lg-inc>i rour-d bar and then 
rolled to a 3/4- Inch round bar. Initial forging 
temperature - 2C00 to 2100^ final rolling tem- 
perature - 1350 to 1425° F. No subsequent heat 
treatment . 



HAEDJESS 



269-281 Brinell 



TMSILE P50PERTIEC 

Temper- Tensile Yislcl stress Proportional Eeducticn 

ature strength (Ib/sq in.) limit Elongation of area 

(Op) (Ib/g g in.) 0.02^^ 0.2% (ib/sg. in.) (? in 2 in.) j/") 

80 129,375 77,000 101,000 47,500 20.0 32.0 

132,500 85,500 108^500 62,500 16.5 32.4 

12C0 92,500 72,500 40,000 21.0 31.5 

91,625 74,000 37,500 19,0 28.6 



STRESS-EUPTTIRE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) In 1 in. ) (^) 



80,000 


1.35 


21.0 


31.9 


74,000 


2.15 


10.0 


12.1 


50,000 


42.0 


7.0 


10.8 


42,000 


238. 


9.0 


12.1 


37 ,000 


401. 


8.0 


11.0 



Vickers Hardness: As received - 306 

After 401 hours at 1200^ F - 239 



Alloy H412 continued 



STEESS-RTJPTURE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
ruptixre (Ib/aci in.) 



1 83,000 

10 60,000 

100 44,000 

1000 32,400 



COMMEOTS SUPPLIED BY THE MAKUFACTURER 



FORGEABILITY Forged and rolled without difficulty 
MCHiriABILITY Matal turned and threaded without difficulty 
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MCA 
ALLOY 

MAKUFACTURER 

coMPOsrriON 

TREATJ'EiTr 



HARDNESS 



H497 

Union Cartide and Carbon Research Laboratories, Inc. 
0.3?;^ C, 15.^ Cr, 25.0^ Wi, 20.0^ Co, 4.0^ Mo, 

2.0^ cfc, c.oa^ Ng. 

Melted in an induction furnace; 30 to 35 pound heat. 
Ingot was forged to a 3/4- inch round bar. Initial 
forging tesperatm-e - 2000 to 2100° F, final forging 
temperature - 1350 to 1425° F. No subsequent heat 
treatment . 

245 Brinell 



Temper 
ature 



Tensile 
strength 



TENSILE PEOPEKTIES 

Yield stress Proportional Reduction 
(Ib/sq in. ) limit Elongation of area 



(%) (Ib/s q in. ) 0.02^ 0.2-^ (Ib/sg in.) (i in 1 in. ) 

CO 



1200 



123,250 
123,000 



77,500 
88,250 



61,500 81,600 
59,400 78,000 

65,000 
63,000 



47,500 


24.0 


34.0 


45,000 


26.0 


43.7 


37,500 


24.0 


41.5 


35,000 


24.0 


37.8 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 

Stress rupture Elongation of area 
(IbM in.) (hr) {j in 1 in. ) _ 



ifo) 



75,000 
70,000 
43,000 
42,000 
35,000 



1.43 
2.85 
36.0 
139.5 
395. 



11.0 
17.0 
13.0 
8.0 
10.0 



15.6 
23.8 
24.5 
8.6 
13.8 



Vickers Hardness: As received - 263 

After 395 hours at 1200° F - 285 



Alloy H497 continued 



STKESS-RUPTURE PEOPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
rupture (iV^q in.) 

(h.r) 



1 80,000 



10 59,000 
100 43,000 
1000 31,000 



C0MME3JITS SUPPLIED BY THE MARUFACTURER 



FOEGEABILITY Forged without difficulty 

MACEIWABILITY Metal turned and threaded without difficulty 
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MCA 

ALLOY H354 

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc. 

COMPOSTTIOW 0.35'^ C, 0.60^ Si, l.s/o Mn, 15.0^^ Cr, 25.0^ Hi, 
25.0^ Co, Z.&jo Mo, 3.0^;^ W 

TREATMEINT Molted in an induction furnace; 30 to 35 pound heat. 
Ingot was forged to a l|~inch round bar and then 
rolled to a 3/4- inch round bar. Initial forging 
temperature - 2000 to 2100^ F, final rolling tem- 
perature - 1350 to 1425^ F. No subsequent heat 
treatment . 

HARDHESS 270 Brinell 



TENSILE PROI^ERTUCS 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (ib/oq. in,) limit Elongation of area 

(^) (Ib/ Bi in,) 0.02^ 0,2^ (ib/sq in,) (f6 in 2 in> ) _ 



80 


137,250 
137,250 


75,000 
32,500 


100,000 
103,000 


45,000 
57,500 


23.0 
20.0 


1200 


97,500 
105,000 




70,700 
70,000 


40,000 
35,000 


22.0 
16.0 



41.3 
37.9 

30.8 
17.8 



STRESS-EUPTTHE DATA AT 1200° F 



Time for 
Stress rupture 
(iVsii In.) (hr) 



95,000 


0.18 


90,000 


0.27 


75,000 


1.83 


50,000 


55,5 


42,000 


114.5 


40,000 


113. 


30,000 


1238. 



Reduction 

Elongation of area 
in 1 In. ) (^) 

14,0 23.3 

12.0 15.5 

12.0 15.5 

16.0 13.7 

15.0 15.7 

18.0 14.5 

10.0 10.8 



Vlckers Hardness: As received - 325 

After 1238 hours at 1200° F - 256 



Alloy H354 continued 



STEESS-RUPTURE PEOPEETIES AT 1200^ F 
(Estimated from plot of teat data) 



Time for 
rviptijire 
(hr) 

1 

10 
100 
1000 



stress 
(It/eq. in.) 



80,000 
64,000 
44,000 
31,000 



COMMEIfTS SUPPLIED BY TEE MAiraFACTUREH 



FORGEABILITY Forged and rolled without difficulty 
MACEINABILITY Metal turned and threaded without difficulty 
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E416 

Union Cartide and Carbon Research Laboratories, Inc. 

0.35^ C, 0.50^^ Si, 1.5^^^^n, 15.0^' Cr, 35.0^ Ni, 
IS.O^ Co, 5.0^0 Mo 

Melted in an induction furnace j 30 to 35 pound heat. 
Ingot was forged to a l|-inoh round bar and then rolled 
to a 5/4- inch round bar. Initial forging temperature - 
2000 to 2100^ F, final rolling temperature - 1350 to 
1425^ F. Ko subsequent heat treatment. 

269 Brinell 



TEI^SILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 
atui^e strength (lb./3C[in. ) limit Elongation of area 

{^)_ lib/so^ in._^)_ 0, 02-^ 0.2^ (ib/s g in,) (i in 2 in.) (j) 



80 


124,500 


60,500 


81. GOO 


42,500 


23.0 


31.3 




126,500 


7S,0C0 


96^000 


62,500 


13.0 


18.8 


1200 


90,000 




68,500 


47,500 


12.0 


12.5 




98,500 




79,500 


50,000 


17.0 


24.8 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 

Stress rupture Elongatlcn of area 
(Ib/sq in.) (hr) jj in 2 in. ) (j}) 



85,000 


0.83 


19.0 


36.0 


73,000 


1.93 


15.0 


19.6 


55,000 


30.0 


11.0 


11.5 


48,000 


40.0 


10.0 


14.5 


45,000 


76.5 


19.0 


20.1 


40,000 


359. 


9.0 


12.1 



RACA 
AIJLOY 

R\ircFACTURER 
COMPOSmOW 

TREATI/iEOT 
E/ffiDWESS 



Vickers Hardness: As received - 299 

After 359 hours at 1200° F - 265 



Alloy H416 continued 



STEESS-RUPTTJSE PROPERTIES AT 1200© F 
(Estimated frcM plot of test data) 

Time for Stress 
rupture (iV^q. in.) 

(hr) 



1 82,000 

10 62,000 

100 46,500 

1000 35,000 



COMMENTS SUPPLIED B!f THE MAITOFACTURER 



FORGEABILITY Forged and rolled without difficulty 
MACHINABILITY Metal turned and threaded without difficulty 
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MCA 



AliOY 

MAmjFACTURER 
COMPOSITION 

TREATMEirr 



M17 

Union Cartide and Carbon Research Laboratories, Inc. 

0.35^^ C, 0.5C^ Si, \.^o Mn, 15.0^ Cr, 35.0^ Ni, 
16.0?& Co, 3.0^ Mo, 2.0^ W 

Melted in an induction furnace; 30 to 35 pound heat. 
Ingot was forged to a l|-inch round bar and then 
rolled to a 3/4- inch round bar. Initial forging 
temperature - 2000 to 2100° F, final rolling tsn- 
perature - 1350 to 1425° F, No subsequent heat 
treatment , 



HAEDKESS 



256 Brinell 



TEITSILE H?0PSRTIES 



Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/sq. in, ) limit Elongation of area 

(°F) (Ib/gg in.) 0.0?;^ 0.2^ (ib/sgi in.) in 2 in. ) (^) 



80 


127,375 
127,000 


71,000 
72,500 


PI, COO 
93, coo 


50 , OCO 
50,000 


21.0 
21.0 


32.1 
36.8 


1200 


94,125 
96,125 




71,500 
75,900 


35,000 
30,000 


12.0 
13.0 


16.3 
15.6 



STRESS-RUPTURE DATA AT 1200° F 



Time for 
Stress rupture 
(Ib/aq in.) (hr) 

85,000 1,18 
78,000 3.01 
48,000 75.0 

40,000 212. 



Reduction 
Elongation cf area 
{1o m 1 in. ) {1o) 



18.0 27.2 

12.0 12.6 

14.0 16.7 

14.0 11.5 



Vickers Hardness; As received - 309 

After 212 hours at 1200° F - 265 



Alloy H417 continued 



STEESS-RUPTUSE PEOPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress 
rupture (Ib/sq in.) 



(iir) 



1 86,000 

10 67,500 

100 ■ 45,500 

1000' 30,500 



COMMEHTS SUPPLIED BY THE MANUFACTURES 



FORGEABILITY Forged and rolled without difficulty 
MACHINABILITY Metal turned and threaded without difficulty 
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NACA 

ALLOY H419 

MANUFACTURER Union Carbide and Carbon Research Laboratories, Inc. 

C0^3POSB:ION 0.:55fo C, 0.50^ Si, 1.5% Mn, 15.0^^ Cr, 35.0^ Ki, 
25.ofo Co, 5.070 Mo 

TREATMEIW Melted in an induction furnace; 30 to 35 pound heat. 

Ingot was forged to a i|-inch round bar and then 
rolled to a 3/4- inch round bar. Initial forging 
temperature - 2000 to 2100^ F, final rolling tem- 
perature - 1350 to 1425^ F. No subsequent heat 
tx'eatment. 



272-270 Brinell 



TSZfSILS raOPSRTIES 

Temper- Tensile Yield stress Proportional Reduction 

atufe strength (ib/yq in.) limit Elongation of area 

(OF) (Ib/Bq in.) 0.02^ 0.2^ (ib/sq in.) in 2 in, ) (%) 



80 


139,500 


78,750 


102,000 


55,000 


19.0 


32.7 




137,875 


76,000 


93,000 


50,000 


20.0 


31.7 


1200 


96,750 




71,500 


42,500 


24.0 


27.7 




100,750 




76,200 


47,500 


20.0 


25.7 



STRESS-EUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(It/sq in.) (hr) In 1 In.) (%) 



93,000 


1.27 


17.0 


21.7 


85,000 


3.23 


6.0 


12.1 


50,f^00 


52.0 


13.0 


15.6 


50,000 


81.0 


18.0 


19.4 


46,000 


171. 


11.0 


12.1 


40,0^0 


404. 


5.0 


7.3 



Vickers Hardness: As received - 307 

After 404 hours at 1200° F - 283 



Alloy H419 continued 



STKESS-EUPTURE PEOPERTHS AT 1200° F 
(EBtlmated from plot of test data) 

Time for Stress 
ruptvire ( lb/si in. ) 

(lir) 



1 95,000 

10 76,000 

100 50,000 

1000 33,700 



COMMENTS SUPPLIED BY THE MAITOFACTURER 



FOBGEABILm Forged and rolled without difficulty 
MACHINABILITY Metal turned and threaded without difficulty 
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KACA 
ALLOY 

M/VNUFACTURER 
COMPOSITION 

TREATI^IEKT 



H418 

Union Cartide and Carlson Research Laboratories, Inc. 

O.Zbio C, 0.50^ Si, \.^o Mn, 15.0^ Cr, 35.0^ Ni, 
25.0^ Co, 3.05^ Mo, 2.a^ W 

Melted in an induction fiirnace; 30 to 35 pound heat. 
Ingot was forged to a l|-inch round bar and then 
rolled to a 3/4- inch round "bar. Initial forging 
temperature - 2000 to 2100^ F, final rolling tem- 
perature - 1350 to 1425^ F. No subse(iuent heat 
treatment. 



HARDNESS 



273-272 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength [Vo/sq, in.) limit Elongation of area 

(Of) (iVeg in,) 0.02^^ 0.2^ (Ih /sq in.) {j in 2 in. ) (%) 



80 


141,250 


85,000 


108,500 


62,500 


21.0 


36.1 




135,500 


78,500 


101,250 


50,000 


15.5 


31.2 


12^0 


99,375 




77,800 


37,500 


13.5 


13.1 




102,375 




77,500 


42,500 


17.0 


21.5 



STEESS-EUPTURE DATA AT 1200° F 

Time for Reduction 

StresB rupture Elongation of area 

(lb/3g In.) (hr) in 1 in. ) (^) 

95,000 1.67 12.0 12.8 

85,000 2.99 18.0 22.7 

55,000 82.0 14.0 13.3 

45,000 623. 6.0 7.8 



Vickei'8 Hardness: As received - 313 

After 623 hours at 1200° F - 277 



Alloy H418 continued 



STRESS-RUPTURE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for Stress, 
rupture (iVsq In.) 

(to) 



1 99,000 

10 74,000 

100 56,000 

1000 43,000 



COMMEHTS SUPPLIED BY THE MANUFACTURER 



FORGEABILiry Forged and rolled without difficulty 
MACHIKABILITY Metal turned and llhreaded without -difficulty 
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H729 

Union Cart ide ^ and Carbon Research Laboratories^ Inc* 

C, 16.0^ Cr, 24.0^ Ni, 3.0^ Mo/ 6.0^ W, 

Ng. - ' ■ ' 

Mslted in an induction furnace; 30 to 35 pound heat. 
Ingot was forged to a 3/4- inch roimd bar. Initial 
forging temperature of about 2100^ F/ final forging 
temperature about 1400^ F. No subsequent heat 
treatment , 

252 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (ib/sq, in.) limit Elongation of area 
llb/il.in.i O.OZfo 0.2% (ib/aq in.) In 2 in.) (j) 



80 


129,750 


73,000 


94,500 


45,000 


24.0 


40.9 




126,250 


63,000 


83,200 


42,500 


20.0 


35.7 


1200 


86,000 




63,750 


42,500 


18.0 


31.9 




84,500 




65,000 


42,500 


20.0 


36.3 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq In.) (hr) {j In 1 in.) ()^) 



74,000 


0.55 


18.0 


26.2 


67,000 


1.62 


10.0 


12.8 


48,000 


45.5 


11.'^ 


12,8 


43,000 


128.5 


16.0 


38.0 


36,000 


599.0 


14.0 


13.2 



Vickere Hardness: As received - 273 

After 599 hours at 1200° F - 241 



MCA 
ALLOY 

MANUFACTURER 
COMPOSITION 

TREATMENT 
HARDNESS 



Alloy 4729 continued 



STEBBS-RUPTtmE FEOPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for 

rupture Stress 
(hr) (Ib/sq in.) 

1 70,000 

10 58,000 

100 44,000 

1000 34,000 



COMMENTS SUPPLIED BY THE MANDFACTUEER 



FOEGEABILITY Forged vith difficulty. 



MACEINABILITY Metal turned without diff iculty but was 
threaded with difficulty. 
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NACA 



ALLOY H480 

MAHUFACTUEER Union Carbide and CarlDon Research Laboratories, Inc. 

COi^OSITION 0.35^0, 20.0^ Or, 20.0^ Ni, 20.0^ Co, 5.0^ Mo 

TREATMMT Melted in an induction furnace ; 30 to 35 pound heat. 

Ingot was forged to a 3/4-inch round har. Initial 
forging temperature - 2000 to 2100^ F, final forging 
temperature -1350 to 1425^ F. Wo subsequent heat 
treatment . 

HARDNESS 266-277 Brinell 



TENSILE PROPERTIES 



Temper- 
ature 
(°F) 

80 



1200 



Tensile 
strength 
(Ib/aq. in.) 

135,000 
134,000 

93,125 
91,000 



Yield stress 
(Ib/sq. in.) 
0 . C2f^ 0.2^ 



71,500 102,500 
67,000 98,000 

72 , 500 
63,000 



Proportional Eeduction 

limit Elongation of ^ea 

(Ib/sg in.) (% in 2 in.) __ 



35,000 


13.0 


32.1 


40,000 


20.0 


32.7 


42,500 


13.0 


30.8 


35, 000 


21.0 


28.3 



STEESS-EUHTOE DATA AT 1200° F 

Tim© for Eeduction 

Stress rupture Elongation of area 
(Ib/aq in.) (hr) in 1 in.) {jo) 



83,000 
74,000 
50,000 
42,000 
37,000 



0.58 
1.30 
32.0 

142. 

363. 



12.0 
22.0 
23.0 
18.0 
20.0 



17.8 
35.0 
21,2 
29 ■ 3 
31.3 



Vickers Hardness: As received — 307 

After 363 hours at 1200° F -291 



Alloy E480 continued 



STKESS-EUPTURE PSOPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time "for 

nipture Stress 
(hr) (ly's^ In.) 

1 79,000 

10 58,000 

100 44,000 

1000 32,400 



COMMENTS SUPPLIED BY TEE MANUFACTUEER 



FORGEABILITY Forged without difficulty 

mCHINABILITI Metal turned and threaded without difficulty 
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MCA 



ALLOY 

MAIIUFACTUEER 
CC»1POSITI0N 

TEEATMENT 



HARDNESS 



H355 

Union Carbide and Carbon Research Laboratories, Inc. 

O.355S C, 0,605^ Si, Mn, 20.0^ Cr, 25.0^ Ni, 25.05 

3.0^ Mo 



Co, 



Temper- 
ature 
(^) 

80 



1200 



Melted in an induction furnace; 30 to 35 pound heat. 
Ingot was forged to a Ig-inch round bar and then rolled 
to a 3/4-inch round bar. Initial forging temperature - 
2000 to 2100° F, final rolling temperature - 1350 to 
1425° F, No subsequent heat treatment. 

279 Brinell 

TENSILE PROPERTIES 



Tensile Yield stress Proportional Reduction 
strength (Ih/sq in.) limit Elongation of ajrea 

(lb/eg in.) 0.02^ 0 .2^ (Ib/sg In.) in 2 in.) 

138,500 82,000 105,000 57,500 

138,000 79,000 101,750 57,500 

92,750 70,300 40,000 

92,875 68,000 35,000 



20.0 


33.4 


23.0 


36.3 


20.0 


22.3 


19.0 


27.1 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
( Ib/sq in . ) (hr) ( ^In 1 In.) {% 



90,000 
82,000 
50,000 
40,000 



1.15 
2.76 
96.0 
455. 



22.0 
20.0 

6.0 



27.7 
25.0 
8.1 
7.2 



Vickers Hardness: As received -338 

After 455 hours at 1200° F - 300 



Alloy E355 continued 



STHE33-EUPTUBE FROPSKTIES AT 1200° F 
(listimated from plot of test data) 

Tine for 

niptxro Stress 
ihr) (Ib/ r/g In.) 

1 91 .,000 

10 70,000 

ICO 50,000 

lOCO 35,000 



commTus supflujd by tes meotactjber 



FOEGEABILITY Forged and rolled without difficulty. 
MAOHINABILITy Metal turned and threaded without difficulty. 
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NACA 



ALLOY H4L3 

^L'y!^lJFACTUEi!:a union Carbide and Carbon Eessarch Latoratories, Inc. 

CO^^PGSIT10K 0.35^ C, O.SCj^Si, 1.5?Sl4i, 20.0^ Cr, 25.0^ Nl, 25.0^ Co, 
3.0^Mo^ l.S-joCb 

TBEATMEIT Kelted In exi indnction furnace; 30 to 35 pound heat. 

Ir.got Afas forged to a l|-incli round bar and then rolled 
to a 3/4-inGh round bar. Ini.tial forging temperature - 
2000 to 2100" F, final rolling temperature - 1350 to 
1425° F. No subsequent heat treatment. 

HAREKEESS 317 Brinell 



TEESILS PSOPIPf IIS 



Temper- Tensile Yield etregg Prc-portlonal 

ature strength (ib.'aq in,) liait Elongation of a, 
(^F) (Ib/sa in.) O.ofj 0,2^ (ib/sa i n.) in 2 in .) if) 



80 



1200 



Reduction 

Elongation of grea 



141,625 80;0C0 109,500 
138,500 77,500 101,000 



91,125 
94, 250 



72, 500 
75,500 



62; 500 
52^500 

42,500 
40,000 



30.0 
18.0 

19.0 
21.0 



20.7 
27.8 

29.3 
29.5 



STEES3-EUPTUES 32ATA AT 1200° F 



Stress Time for Reduction 
(Ib/sa in.) rupture Elongation of area 
(hr) (An 1 in.) W 



90,000 
85,000 
60,000 
48,000 
40,000 



0.98 
2.40 
36.0 
93.0 
435 



22.0 
13.0 
10.0 
17.0 
8.0 



20.5 
20.7 
15.6 
13.2 
8.5 



Vickera Hardness: As received — 317 

• After 435 hours at 1200 F - 286 



Alloy H413 continued 



STEE3S-FJPTUP.E PF.0PERTI1S AT 1200^ F 
(Satimated from plot of test data) 

Tiice for 



.pturs 
(h.r) 


stress 
(l-b/f-i in,) 


1 


90,000 


10 


72 J 000 


100 


50,000 


1000 


35; 000 



COMIvSaTS SUPFLI3D BY TRE MAIIUFACTUBEEl 

F0BGM3ILITY Forged and rolled vitliout difficulty. 
MA.CHINABILirr Metal turned and threaded ^/ithout difficulty 
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NACA 



ALLOY E359 

MAWUrACTUESR Union Cartide and Carton Research Laboratories, Inc. 

COMPOSITION 0.35^ C, 0.605^ Si, 1.5^ r<fa, 20.0^ Cr, 25.0^ Ni, 25.0^ Co, 
2.c;f^ Mo, 3.0>^ W 

TI?E;».IME!JT Melted in an ind-action fTi:^*nace; 30 to 35 pound heat. 

Irgot vas forged to a l|-inch round bar and then rolled 

to a 3/4-in:;h round bar. Initial forging temperature - 
2000 to 2100*^ F, final rolling teinije.rature — 1350 to 
1425° F. IIo subsequent heat treatment. 



EABDWSSS 



244 Brinell 



TEiSILS PSOPS-.TIES 



Tesiper- 

ature 


Tensile 

strength 
(Ib/sq In. 


Yield 
(Ib/sq 
) 0.02'^ 


stress 
in.) 
0.2)0 


Proportional 

limit 
(lb/s(i in.) 


Elongation 
in 2 in.) 


Reduction 
of area 

{% 


80 


134,000 


47,500 


71,300 


30,000 


25.0 


22.0 




138,250 


68,500 


90,000 


45,000 


20.5 


18.8 




136,500 


55,500 


82,500 


32,500 


27.0 




1200 


94,000 




61,250 


37,500 


16.0 


15.2 




94,000 




62,000 


35,000 


15.0 


13.0 



STRJSS-FJrrUEE DATA AT 1200° F 



Stress 
(lb /'eg. in.) 

88,000 
84,000 
55,000 
40,000 
30,000 



Time for Reduction 
rupture Elongation of area 
(hii ^ in 1 in.) {$) 



1.0 

1.6 
37.0 
290. 
1801. 



16.0 
20.0 
13.0 
11.0 
5.0 



15.5 
35.0 
14.4 
13.3 
18.6 



Vickera Hardness: As received - 297 

After 1801 hours at 1200° F - 289 



I 
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I 

Alloy E359 continued 



STR^BS-HUPTUTJ; rRCPERTIES AT 1200° F 
(^atimted from plot of test data) 

TiBia f or 

raptyre Stress 
(nr) (io/-'i in.) 



1 83,000 
10 67,000 
100 47,000 
1000 32,800 

i 

COMyiEin'S SUPPLIED SY THE M1HUFACTUE3R 
FOEGEABILITY Forged aad roll-^d without difficulty 
MACaiNABILITY Metal turned and threaded without difficulty 



I 

I 



i 



I 
I 
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WACA 
ALLOY 

MAircFACTURER 
COMPOSITIOl^ 

TEEATMEHT 



HARDNESS 



H439 

Union Carbide and Carbon Eesearch Laboratories, Inc. 

0.35?^ C, 0.50^ Si, 1.5^ Mn, 20,0^ Cr, 30.0^ Ni, 
50.0-^ Co, 5.0^ Mo 

Melted in an induction fui-nace; 30 to 35 po^Jind heat. 
Ingot vas forged to a 3/4- inch round bar. Initial 
forging temperature - 2000 to 2100° F, final forging 
temperature - 1350 to 14^5° F. No subseauent heat 
treatment , 

345-331 Brimll 



Temper- Tensile Yield stress 
ature strength (Ib/sq. in. )^ 
(Of) (Ib/gg in.) 0.02 



0-2^!^ 



Proportional Reduction 

limit Elongation of area 

(Ib/sr in.) in 2 in.) &>) 



80 



1200 



155,000 
169, 5-^0 
149,750 

102,375 
111,375 



91,000 115,500 

103,750 US; 000 
78,000 100,000 



77,600 
87,000 



50,000 


23.0 


29.4 


50,000 


15.0 


27.8 


50,000 


30.0 


37.7 


37,500 


10.0 


12.1 


20,000 


12.0 


12.3 



STEESS-.RUPTURE DATA AT 1200° F 



Stress 
(ro/sq in.) 

98,000 
90,000 
65,000 
50,000 
44,000 



Time for 
rupture 
(hr) 

1.08 
3.22 
51.0 

205. 

453. 



Elongation 



Reduction 
of area 



(Jo in 1 in. ) 

12.0 
12.0 

6.0 

9.0 

6.0 



12;3 
12.1 

7.2 
10.3 

6.7 



Vlckers Hardness: As received - 355/396 

After 453 hours at 1200° F - 326 



Alloy H439 continued 



STBBBS-EUPTURE PBOPERTIES AT 1200° P 



(Estimated frcsa. plot of test data) 

Lme for 

ipture Stress 
(hr) iVo/^q. in.) 



1 99,000 

10 81; 000 

100 56,000 

1000 38,000 



COMMENTS SUPPLIED BY THE MAUUFACTUEER 



FOEGEABILITy Forged without difficulty • 
MACEINABILITY Metal turned and threaded without difficulty 
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NACA 



ALLOY H630* 

MANUFACTUEEE Union Carbide and Carton Research Laboratories, Inc. 

COMPOSITION 0.20^ C, 15.0^ Cr, 25.0^ Nl, 4.0^ Mo, 2,0^ Cb, O.IC^ Ng. 

TREATMENT Melted in an Induction furnace; 30 to 35 pound heat. 

Ingot forged, Heated at 1850° F, air cooled. Reduced 
31.98;^ by rolling at 1200° F to 3/4-inch sq.uare bar. 
Reheated for 3/4 hour at 1000° C (1832° F) and air 
cooled. 



HARDNESS 170 Brinell 

TEESILE PROPEESTIES 

Tennjer- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sqin.), , H^it Elongation of area 

(°F) (Ib/sq^ih.) 0.02^ 0.2^ (ib/sg in.) in 2 in.) {,<>) 

80 96,500 33,000 45,500 20,000 39.0 55.7 

95,570 30,300 43,300 17,500 39.0 55.7 

1200 67,000 30,000 17,500 36.5 53.8 



STRESS -RUPTURE DATA AT 1200° F 

Time for Reduction 

Stress rupture E;Long9tlon of Eurea 
(Ib/sg in.) (hr) 0o in 1 in.) ( /^) 



59, 000 


0.42 


36.0 


59.3 


52,000 


4.98 


14.0 


42.8 


40, 000 


61.0 


13.0 


22.3 


37,000 


154.5 


15.0 


13.8 


34, 000 


433.0 


10.0 


26.2 



Vickers Hardness : As received - 184 

After 433 hours at 1200° F - 263 
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Alloy E630 continued 



STPRSa-EUPTURS PP.OPSEJTIES AT 1200° F 
(IjoGimated from plot of test data) 



Time for 
rupture 



Stress 
(I'd /so in.) 



1 

10 
100 
1000 



59^000 
47 , 000 
38,000 
31,000 



CC»IMEqTS SUFPUE) BY T3E Mi^nRIFACTUEER 
FOEGEEABILITY Forged without difficulty, 

MACHIKABILITY Metal turned and threaded without difficulty. 

*Alloys H630 and H631 are from separate heats made to the same 
composition and procejssod in the same way except for the final 
annealing treatment for E630. 
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NACA 



ALLOY E631* 

MAtHFACTUl^ER Union Cartide sxici. Carhon Eesearch Laboratories, Inc. 

COMPOSITION 0.20^0, IS.of* Or, 25.ofoWl, 4.0^ Mo, 2.0^ Cb, .10^ 

TE'^A'^MEWT Melted in an induction furnace; 30 to 35 pound heat. 

Ingot forged. Heated at 1850° F, air cooled. Reduced 
33.4].^ by rolling at 1200^ F to 3/4-lnch square bar. 
Stress relieved by heating through at 1200° F, air 
coded. 

HARDNESS 256 Briiiell 



Temper 
ature 



TEISILE PB0P3RTIBS 

Tensile Yield -stress Proportional Eeduction 
strength (Ib/sq in..) . limit Elongation_ of area 



ature s-creng^n (,J-u/«y. -^"'^^ ^^^.u...^ — 7 — . 

(°F) ■ (Ib/aq in.) 0.02^ 0.2 ^ (Ic/Bq in.) (/o in 2 m.) (/<>) 



80 



1200 



123,250 87,500 107,800 55,000 
123,000 80,500 108,500 52,500 



84, 500 



77,800 52,500 



17.5 
16.5 

16.0 



39.9 
34.6 

39.7 



STRISS-EUPTUEE DATA AT 1200° F 



Time for 



Reduction 



Stress rupture Elongation of ^ea 



(Ib/sq in.) "(hr) ( > in 1 in.) 



76,000 
66,000 
40,000 
36,000 
32,000 



0.47 
1.48 
93.5 
208.0 
531.0 



18.0 
17.0 
8.0 
3.0 
3.0 



35.0 
43.2 
27,1 
3.7 
8.5 



Vickers Hardness: As received - 281 

After 531 hours at 1200° F - 270 



Alloy E631 continued 



STRjDSS-RUPTUEE PEOPERTIES at 1200° F 
(Estimated from plot of test data) 

Time for 

rupture Stress 
(iar) (To/ SCI in.) 



1 69,500 

10 53^000 

100 40,000 

1000 30,000 



CO^ff-iEKl'S SUPPLIED BY TEE MAIIUFACTUEES 



FOSGEABILITY . Forged without difficulty. 

MACHINABILITY Metal turned and tlireaded vithout difficulty. 



*Alloys E630 and H631 tire frum sopax-ate heats niade to the same 
composition and proceassd in the same wey except for the final 
annealing treatment for 1630. 
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NACA 



ALLOY H624* 

MAMUFACTURER Union Carbide and Carbon Research Laboratories, Inc. 

COMPOSITION 0.35^ C, 15.0-;^ Cr, IS.O^^ Ni, 16.0>S Co, 5.0^ Mo. 

TESATMEiST Melted in an induction furnace; 30 to 35 pound heat. 

Ingot forged. Heated at 1850° F; air cooled. Reduced 
26.14^by rolling at 1200° F to 3/4-lnch square bar. 
Esheated for 3/4 hour at 1000° C (1832° F) and air 
cooled. 

EAED?IESS . . V 221 Brinell 



TECSILE PHOPESTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sq in.) limit ELongation of erea 

C^) (lb /sq in.) 0.02?^ 0.2> ( ib/si in.) (/^ in 2 in. ) (/°) 



80 
1200 



120,250 58,000 77,800 35,000 
120,250 56,000 77,000 35,000 



73,750 



52,000 22,500 



27.5 
27.5 

29.0 



42.7 
42.1 

47.7 



STr<3SS--RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress ruoture Elongation of area 
( lb/s(i in. ) (hr) (%in 1 In.) (^) 



65,000 


0.52 


15.0 


13.7 


57,000 


2.08 


25.0 


27.1 


42,000 


30.0 


33.0 


27.2 


37,000 


127.0 


32.0 


42.7 


30,000 


868.5 


18.0 


20.2 



Vickers Hardness: As received - 245 

After 868.5 hours at 1200° F- 235 
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Alloy H624 contlnueA 



STT^ISS-EUPTUSE PPOPERTIIS AT 1200^ F 
(Estimated from plot of test data) 

Time for 
rupture 



1 62,000 

10 48,000 

100 37,000 

1000 29,000 



COMMMTS SUPPLIED BY TH:2 MAirJFACTGEER 



FORGEABILITY * Forged and rolled vlthout difficulty. 
MACHINA3ILITY Metal turned and threaded without difficulty. 



Stress 
(Ib/Bq inO 



Alloys H624 and H625 are fro2!i ssparate h6ats made to the same 
composition and processed In the same way except for the final 
annealing treatment for HS24. 
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NACA 

ALLOY H625* 

MAITCFACTURER Union Carbide and Carbon Research Laboratories, Inc. 

0.35^ C, 15.0^ Or, I6.0/0 m, IS.o/o Co, S.O';^ Mo. 



cOiNffosmoN 

TREATMEOT 



HARDNESS 



Melted In an induction furnace; 30 to 35 pound heat. 
Ingot forgsd. Heated at 1S50° F, air cooled. Re- 
duced 31.76^ by rolling' at 1200° F to 3/4- inch 
Bq.uare bar. Streiss relieved by heating through at 
1200° F air cooled. 

227 Brinell 



TEIiSnj: PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/'^a in J liralt Elongation of area 

(Of) (Ib/sq in. ) 0^02^_0:;2£_ (Ib/ s^ in.) {% i n 2 in. ) (/o) 



80 140,500 103,750 124,700 82,500 
139,000 103,750 124,500 75,000 



16.0 
18.5 



27.6 
35.1 



1200 93,250 



82,800 52,500 



15.5 



34.7 



STRESS-RTJPTCRE DATA AT 1200° F 



Time for 
Stress rupture 
(lb/eg in.) ?hr) 

83,000 0.37 

75,000 1.42 

58,000 19.5 

49,000 57,0 

43,000 374,0 



Reduction 

Elongation of area 

('^ in 1 in. ) (yo) 

14.0 37.9 

14.0 24.1 

18.0 28.8 

7.0 1.2 

5.0 8.6 



Vickers Hardness: As received - 296 

After 374 hours at 1200° F - 292. 
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Alloy E625 continued 



STPESS-HJPTUES PROPERTIES AT 1200^ F 
(Estimated from plot of test data) 



Time for 
rupt'iire 
(hr) 

1 

10 
100 
1000 



Etresg 
{Ib/BQ in.) 

77,000 
61,000 
49,000 
39,000 



COM.IEfJTS SUFFLIED BY THE MJ^^JFACTUESS 

POEGEiffllLITY Forged and rolled without difficulty. 
MACHINABILITY . Metal turned and threaded without difficulty, 



"^Allo^s H624 and H625 ere from separate heata made to the same 
composition and procesfi'e'd in the same way except for the final 
annealing treatment f or H624, 
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NACA 



ALLOY 

MANUFACTUEER 

COMFOSITION 

TREATMEiT 



H626* 

Union Carls Ide and Carbon Eesearch Laboratories, Inc. 

0.357^ C, IZ.oiCr, 25.0$ m, 25.0^ Co, 5.0^ Mo. 

Melted in an induction furnace; 30 to 35 pound heat. 
Inrot forged. Heated at 1850° F, air cooled, Eeduced 
Zs'.Qzio'DY rolling at 1200° F to 3/4-inch eguare bar. 
Reheated for 3/4 hour at 1000° C (1832° F) and air 
cooled. 



HAEDNESS 



212 Brinell 



TETISILS PP.OPERTIES 

Lonal E 

of area 



Temper- Tensile Yield stress Proportional Reduction 

aturo strength {1^1^^ In.) limit .ff^ff"". 

(Of) (Ib./aq In.) 0.02^ (Ib/sq in.) ( /■ in 2 in.) ^ 

80 118,000 46,500 62,400 25,000 32.0 40.7 

115,250 44,300 58,100 30,000 24.5 23.8 

1200 83,250 43,000 27,500 25.5 31.7 



STRnSS-BUPTUIffi DATA AT 1200° F 

Time for Beduction 
Stress rup'.ure Elongation c: eree. 
(Ib/sq in.) (nr) ( ^^ In 1 In.) [P] 



74,000 0.27 20.0 17.8 

62,000 0.98 18.0 18.3 

40,000 48.5 17.0 20.2 

35,000 133.0 18.0 24.4 

28,000 513.0 23.0 21.7 



Vlckers Hardness: As received - 234 

After 513 hours at 1200° F - 235 



Alloy H626 continued 



STKESS-EUPTURE PROPEEfTIES AT 1200^ P 
(Estimated from f)lot* of teat data) 

Time for 

rupture ' Stress 
(hr) (It/sq InJ 



1 64^000 

10 52,000 

100 36,000 

1000 25,000 



COMMENTS SUPPLIED BY THE M/UJOFACTUBER 



FORGEABILITY Forged and rolled without difficulty. 
MACEINABILITY Metal turned and threaded without diff icu].ty. 



^Alloys H626 and H627 are from separate heats rxade to the same 
composition and processed in the same way except for- the final 
annealing treatment f or H626,.. 
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NACA 

ALLOY H627* 

MANTJFACTUEER Union Car"blde eind Carton Research Laboratories, Inc. 

COMPOSITION, 0.35$& C, 15.0)S.Cr, 25.ofo Ni, 25.0/^ Co, 5.0% Mo, 

TREATMENT Melted in an induction furnace; 30 to 35 pound heat. 

Ingot forged. Heated at 1850O F, air cooled. Re- 
; duped ZZAsfo by rolling at 1200° F to 3/4- inch square 
bar . . Stress relieved -.by heating through at 1200° F, 
air cooled. 

HARDNESS ,300 Brine 11 



Temper- 
ature 



TENSILE PROPERTIES 

Tensile Yield stress Proportional Reduction 
strength (Ib/sqin.)' limit Elongation of area 



(OF) (Ib/gq in.) 0.02% 0.2'^ (ib/sq in.) (;& in 2 in.) [J) 

80 



151,000 113,500 136,250" 
152,000 114,200. 1-37^^00 



87,500 
90,000 



15.0 
14.0 



30.9 
28.8 



1200 107,000 



89,500 50,000 



10.0 



19.7 



STRESS-RUPTURE DATA AT 1200° F 



Time for Reduction 

' Stress 'rupture Elongation of area 
(Ib/sg in.) (hrj : in 1 inV ) ■ (^) .. 



92,000 0.33' le.'O^ . 3.1.8., 

80,000 1.60 12.0 17.8 

50,000 03.0 6.0 9.2 

42,000 267.0 . 4.0 9.7 

37,000 359.0 4.0 2.9 



Vickers Hardness: As received - 301 

After 359 hours at 1200° F - 281 



Alloy H627 continued 



STEESS-EITPTUEE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 




(Ib/ea in.) 



Stress 



1 

10 
100 
1000- 



83,000 
70,000 
49,000 
32,000 



C0N5MENTS SUPPLIED BY THE ^mISUFACTOI^ER 

FORGEflBILITY Forged and rolled without difficulty. 

MACHINABILITY Metal turned and threaded without difficulty. 

*Alloys H626 and HS27 are from separate heats melted to the same 
composition and processed in the same way except for the final 
annealing treatment for E626. 
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NACA 



ALLOY H628* 

MA^^JFACTURI?R Union Cart Ide and CarT^on Research Laboratories, Inc. 
COMPOSITION 0.35?^ C, 15.0^^ Cr, 35.0^ Ni, 25.0^ Co, 5.0^ Mo. 



TREATMENT 



HARDNESS 



Temper 

ature 



1200 



Melted in an induction furnace; 30 to 35 pound heat» 
Ingot forged, Eeated at 1350^ F, air cooled. Reduced 
25.65^lDy rolling at 1200^ F to 3/4-inch square har. 
Reheated for 3/4 hours at 1000^ C (1832^ F) and air 
cooled. 

228 Brinell 

TMSILE PR0PE3TI1S 

Tensile Yield stress Proportional Reduction 

strength (ro/pq inj Limit Elongation of area 



(°F) (ibM In.) 0.02) 6 0.2% {ib/aq, in.) jfo in 2 In.) ( 
80 



122; 000 47,800 59,500 
121,500 44,000 59,400 



82,250 



45, 500 



32,500 
27,500 



32; 500 



29.0 
33.0 

17.5 



29.7 
42.1 

31.7 



STEEBS-EUPTURE DATA AT 1200° F 



Stress 



Tino f'.jr Reduction 
rupture Elongation in area 



72,000 


0.87 


15.0 


17.3 


65,000 


1.18 


9.0 


14.3 


46,000 


36.0 


12.0 


21.2 


38,000 


123.5 


16.0 


14.9 


30,000 


441.0 


16.0 


17.3 



Vickers Hardness: As received - 235 

After 441 hours at 1200° F - 255 
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Alloy H628 continued 



STEESS-EUTTURE PROPERTIES AT 1200° F 
(Eatimkted from plot of test, data) 

Time for 

rupture Stress 
(hr) (It/sq in.) 



,1 69,000 

10 59,000 

100 39,000 

1000 26,000 



COMMENTS SUPPLIED BY THE MAJJUFACTUEER 



FORGEABILITY Forged vith difficulty. 

MACHINABILITY Metal turned without difficulty, but was threaded 
with difficulty. 



♦Alloys H628 and H629 are from separate heats made to the sane 
composition and processed in the same way except for the final 
annealing treatment for H628. 
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MCA 
ALLOY 

MAMFACTTIRSR 

COMPOSITION 

TREATMEOn' 



HAEDNESS 



H629* 

Union Carbide and Carbon Research Laboratories, Inc. 

0.35^ C, 15.0^ Cr, 35.0^ Nl, 25. Co, 5.(^ Mo. 

Melted in an induction furnace; 30 to 35 pound heat. 
Ingot forgt-d. Heated at 1850° F, air cooled, Ee- 
duced 30. Gj.;^' by rolling at 1200° F to 3/4- inch square 
bar. Stress relieved by heating through at 1200° F, 
air cooled. 

325 Brinell 



TEIiSILS PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sq in,) ll^iit Elongation of area 

_m (Ib/sq in.) 0.02% O.gfo (i b/sq In.) in 2 in. ) ji) 



80, 
1200 



160,500 122,500 145,000 95,000 
160,500 123,000 144,000 100,000 



112,500 



100,750 50,000 



12.0 
12.0 

10.5 



25.3 
29.3 

24.7 



STRESS-EUPTURE DATA AT 1200° F 

Time for Reduction 

Stress rupture Elongation of area 

(Ib/a q in.) ( hy) in 1 in.) (9>) 

95,000 0.50 13.0 24.7 

35,000 2.33 17.0 23.3 

55,000 66.5 8.0 12.1 

48,000 156.0 3.0 2.4 

40,000 437.5 2.0 8.5 



Vickere Hardness: As received - 335 

After 437.5 hours at 1200^ F - 303 



227 



Alloy H629 continued 



STEESS-^RUPTOBE EROPEEfflES AT 1200° F 
(Estimated from plot of teat data) 




Stress 
(lb/s(i in.) 



1 
10 
100 
1000 



91,000 

76,000 
51,000 
34,000 



COIMSJSTS SUPPLIED BY THE MAHUFACTURER 



FOEGEaBILITI Forged with difficulty. 



MACEINiffllLITY Metal turned without difficulty, but was threaded with 
difficulty. 



♦Alloys E628 and H629 are from separate heats made to the same 
compoeition and processed in the same way except for the final 
annealing treatment for H628. 
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WACA 
ALLOY 

MAWUFACTURSR 

COMPOSITION 

TEEATMEKT 



N153 - Annealed* 

Universal-Cyclops Steel Corporation and Union 
Carbide and Carbon Research Laboratories, Inc. 

0.35^ C, 0,^4 Si, l.Tsfo Mn, 16. 2C^ Cr, 14.9^ Ni, 
12.82^ Co, 3.01^ Mo, 2.1S^ W, l.OS^ Cb, 0.07^ N^. 

Melted in an electric arc furnace, 600 pound heat 
cast in 45-pound ingot. Hammer forged at 2075/ 
1350° P to 3/4- inch square bar. Air cooled after 
1 hour at 2100° F. 



HARDNESS 



207 Brinell 



TENSILE PROPERTIES 



Temper- Tensile Yield stress 
at lire strength (ib/sq. in. I 
(°F) (Ib/sq. in.) 0.02^ 0.2% 



80 120,000 37,500 58,000 

119,375 38,500 57,000 

12-^0 82,500 33,000 

87,500 34,700 



Proportional Reduction 

limit Elongation of area 

(Ib/sq in.) in 2 in.) C^) 



20,000 


39.0 


46.6 


20,000 


36.0 


43.0 


22,500 


24.0 


23.0 


20,000 


24.0 


13.5 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress ruptiii'e Elongation of area 
Xlb/gqj£ J (/^ in i"* ) (^) 



78,000 


0.23 


18.0 


19.0 


65,000 


4.40 


9.0 


21.2 


50,000 


84.5 




20.2 


45,000 


271.0 


7.0 


14.4 


40,000 


651.0 


11.0 


15.6 



Vickera Hardness: As received - 238 

After 651 hours at 1200° F - 263 
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Alloy II153 — Annealed continued 



i 

STSESS-RUPTURE PROPERTIES AT 1200^ F ' 
(Estimated from plot of test data) 

I 

Time for 

rupture Stress 
(hr) (ll)/s<i in,) 

1 72,000 

10 62,000 

100 50,000 

1000 38,000 



COf^IENTS SUPPLIED BY IBE MANUFACTURER 
FORGEABILITY Forged and rolled without difficulty. 

•5 . .. ■ ...... . 

MACHINABILITY .Metal turned and threaded without difficulty. 



*Alloys N153 - Annealed, N153 - Hot Worked, and N153 - "Cold" Worked 
are from the same heat and differ only in processing. 
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NACA 



ALLOY 



N153 - Hot Worked* 



MANTFACTURER Universal-Cyclops Steel Corporation and Union Carbide 
and Carbon Research Laboratories, Inc. 



COMPOSITION 



TREATMEMT 



0.33^0, 0.52^ Si, 1.78^ Mn, lG.2ofo Cr, 14,98^ Ni, 
12.82^ Co, 3.01^ Mo, 2.19^ W, 1.06^ Cb, 0.07^ Ng. 

Melted in an electric arc furnace, 600 pound heat, 
cast in 45-pound ingot. Hammer forged at 2075/ 
1600^ F to 7/e-inch square bar. Heated 1 hour at 
2100^ F and air cooled. Reheated to 1700^ F and 
reduced in area 24.18^ by rolling. Stress relieved 
by heating through at 1200^ F and air coded. 



HARDNESS 



296 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (ib/aq in. ) limit ' Elongation of area 

(OF) (Ib/sq in.) 0.02^ 0.27^ (ib/sq in.) (fo in 2 in.) (%) 



80 


142,500 


97,500 


121,800 


75,000 


17.5 


36.6 




140,750 


93,000 


119,000 


70,000 


20.0 


41.6 


1200 


92,750 




82,500 


45,000 


16.5 


42.2 




94,000 




82,500 , 


45,000 


16.5 


38.2 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress ruptiire Elongation of apea 
(Ib/sg In.) (hr) {j in 1 in. ) CP) 



63,000 


0.97 


16.0 


40.4 


78,000 


2.97 


8.0 


16.1 


58,000 


66.0 


10.0 


20.1 


50,000 


161.0 


16.0 


25.6 


45,000 


419.0 


8.0 


20.1 



Vickers Hardness: As received - 318 

After 419 hours at 1200^ F - 277 
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Alloy N153 - Hot Worked continued 



STHESS-EUPTUEE PEOPERTIIS AT 1200° F 
(Estimated from plot of test data) 

Time for 

rupture Stress 
(hr) {lt)/sq_ in.) 



1 83,000 

10 73,000 

100 54,000 

1000 40,000 



COMMENTS SUPPLIED BY THE MAMJFACTUEER 

FOEGEABILITY Forged and rolled without difficulty. 
MACHINABILITY Metal turned and threaded without difficulty. 



♦Alloys 'N153 - Annealed, WlM - not worked, and N153 — "Cold" Worked 
are frcaa the same heat and differ only in processing. 
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N153 - "Cold" Worked* 

Universal-Cyclops Steel Corporation and Union Carbide 
and Carbon Research Laboratories, Inc. 

0.38^ C,. 0.52^0 Si, 1.78^ Mn, 16.20^ Cr, 14,98^ Ni, 
12.82^ Co, 3.0lfo Mo, 2.19^ W, l.osfo Cb, .07% Ng* 

Melted in an electric arc furnace, 600 pound heat, 
45-pound ingot. Hammer forged at 2075/1600^ F to 
7/8- inch square bar. Heated 1 hour to 2100^ F and 
air cooled. Reheated to 1200^ F and reduced in area 
23,15^ by rolling* Stress relieved by heating through 
at 1200^ F and air cooled. 

324 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength ' (Ib/sq. in.) limit Elongation of area 

(^) (Ib/sq in.) 0.02^ 0.2^ (ib/sq in.) (% in 2 in.) (^) 



80 


157,500 


117,500 


141,000 


100,000 


18.0 


36.3 




157,250 


112,500 


140,500 


95,000 


17.5 


35.7 


1200 


110,000 




95,000 


57,500 


13.0 


31.1 




104,750 




88,750 


50,000 


12.0 


27.5 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(iVsq In.) (hr) in 1 in.) (j) 



90,000 


0.95 


4.0 


13,8 


84,000 


4.30 


4.0 


5.5 


62,000 


67.0 


10.0 


14.3 


54,000 


216.0 


5.0 


9.7 


45,000 


723.0 


4.0 


10.9 



Vickers Hardness: As received - 329 

After 723 hours at 1200^ F - 313 



NACA 
ALLOY 

MANUFACTURER 

COMPOSITION 

TREATMENT 

HARDNESS 
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Alloy N153 



- "Cold" Worked continued 



STRESS- EUPTUBE PEOPERTIES AT 1200^ P 
(Estimated from plot of teat data) 



Time for 
rupture 
(hr) 



Stress 
(Ib/sq in.) 



1 
10 

100 
1000 



90,000 
80,000 
60, 000 
43,000 



COrMENTS SUPPLIED BY THE MAMJFAGTURER 

FOEGE/'ffilLITY Forged and rolled without difficulty. 
MACBINABILITy Metal turned and, threaded without difficulty. 

* Alloys N153 - Annealed, N153 - Hot worked, and N153 - "Cold" Worked 
are from the same heat and differ only in processing. 
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N154 - Annealed^ 

Universal-Cyclops Steel Co3rporation and Union Cartide 
and Carbon Research Laboratories, Inc. 

0.32^ C, 0.6l/oSi, 1.58foMn, 16.17^ Cr, 23,95/oKi, 
20.95^ Co, 3.06^ Mo, 2.20^ W, 1.03^ Cb, .07^ Ng. 

Melted in an electric arc furnace, 600 pound heat, 
cast in 45-poijnd ingot. Haimner forged at 2075/ 
1340^ F to 3/4- inch square tar. Heated 1 hour at 
2100^ F and air cooled. 

209 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (ib/sq. in.) limit Elongation of area 

(^) (Ib/sq in.) 0.02^ 0.2$^ (ib/sq in.) ( ^ in 2 in. ) ji) 



80 


120,000. 


■ :.36,000' 


57,000 


17,500 


35.0 


40.5 




119,000 


38,200 


54,500 


17,500 


36.5 


44.1 


1200 


87,000 




39,600 


12,500 


18.0 


20.8 




89,000 




41,500 


20,000 


21.0 


21.5 



STEESS-RUPTURE DATA AT 12000 F 

Time' for Reduction 

Stress rupture Elongation of a;fea 
(Ib/sq In.) (hr) (fo In 1 in. ) ( ^) 



80,000 


0.18 


16.0 • 


13.9 


70,000 


1.35 


11.0 


16. 7 


50,000 


92. r- 


12.0 


18.4 


40,000 


320.0 


12,0 


20.0 


35,000 


1061.0 


12.0 


21.2 



Vickera Hardness: As received - 238 

After 1061 hours at 1200° F - 259 



NACA 
ALLOY 

JVL^NUFACTXIRER 

COMPOSITION 

TREATMENT 

HARDNESS 



1 



Alloy N154 — Annealed continued 



STSESS-EUPTUBE PROPERTIES AT 1200^ E 
(Estimated from plot of test data) 



Time for 
rupture 
(hr) 



(Ib/sq in.) 



Stress 



1 
10 

100 
1000 



72,000 
62^000 
48,000 
35,000 



CONOyiENTS SUPPLIED BY THE MAMUFACTUEER 

FOEGEABILITY Forged and rolled without difficulty. 
mCEINABILTTY Mstal turned and threaded- without difficulty. 



*Alloys N154 - Annealed, N154 - Hot Worked, and N154 - "Cold" Worked 
are from the same hsat aal differ only in processing. 
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MCA 

ALLOY 

mWUFACTURER 

coiNiPosrriON 

TEEATMSNT 



N154 - Hot Worked^ 

Universai-G;yclops Steel Corporation and Union Carbide 
and Carbon Research Laboratories, Inc. 

0,32^ C, 0.65^ Si, 1.58^ Mn, 16.17^ Cr, 23.9^ Ni, 
20.95^ Co, 3.06^ Mo, 2.2C^o W, 1.03^ Cb, 0.07^ 



HARDIffiSS 



Melted in an electric arc furnace, 600 pound heat, 
cast in 45-pound ingot. Hainmer forged at. 2075/ 
1600^ F to 7/8- inch square bars. Heated 1 hour at 
2100^ F and air cooled. Reheated to 1700^ F and 
reduced in area 26.32^ by rolling. Stress relieved 
by heating through at 1200^ F and air cooled* 

298 Brinell 



TENSILE PEOPEETIES 



Temper- Tensile Yield stress Proportional Reduction 
atui'e strength (Ib/sq. in,) limit Elongation of area 

(Of) (lb/g?q in.) 0,02^ 0.2^ (Ib/sq in.) (fo In 2 in,) (^) 



80 


144,000 


98,750 


122,000 


77,500 


17.0 


31.5 




145,000 


107,000 


123,750 


85,000 


17,5 


32.3 


1200 


98,500 




85,000 


47,500 


15.0 


31.5 




101,000 




90,000 


45,000 


16.0 


31,1 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) in 1 In. ) m 



88,000 


0.53 


12,0 


23.4 


82,000 


1.12 


14.0 


29.1 


58,000 


57.0 


20.0 


30.8 


52,000 


140.0 


17.0 


21.3 


45,000 


835.0 


9.0 


20.1 



Tickers Hardness: As received - 297 

After 835 hours at 1200° F - 277 
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Alloy N154 — Hot Worked continued 



STSESS-BUPrJRE PEOPERTIES AT 1200^ F 
(Estimated from plot of test data) 

Time, for 

rupture Stress 
(hr) (iVsq. in-) 



1 " 83,000 

10 se^ooo 

100 ' 54,000 

1000 44,000 



COMMENTS SUPPLIED BY THE MANUFACTURER 



FORGEABILITY Forged and rolled without difficulty. 
MACHIWABILIIT - Metal turned and threaded without difficulty. 



*Alloys N154 - Annealed, N154 - Hot Worked, and N154 - "Cold" Worked 
are from the same heat and differ only In processing. 
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NACA 



AljLOY 



N154 - "Cold" Worked* 



MAITOFACTURER Universal-Cyclops Steel Corporation and Union Cartide 
and Carbon Eesearch Laboratories, Inc. 



COMPOSITION 



TREATMENT 



HAEBNESS 



O.ZZic, 0.65^ Si, 1.58^ Mn, 16.17^ Cr, 23.95^ Nl, 
20.95% Co, 3.06% Mo, 2.20% W, 1.03% Cb, 0.07% 

Melted in an electric arc furnace, 600 pound heat, 

cast in 45Tp6und ingot. Hammer forged 

at 2075/1600° F to 7/8- inch square bars. Heated 

1 hour at 2100° .F and air cooled. Reheated to 1200° F 

and reduced in area 25.88% by rolling. Stress relieved 

by heating through at 1200° F and air cooled. 

331 Brinell. 



Temper- Tensile 
ature strength 

(°F) (Ib/ si in. ) 

80 164,000 



1200 



TENSILE PEOPERTIES 

Yield stress Proportional 
(Ib/sq in.) limit Elongation 

0.02% 0.2% ( Ib/sq in.) (% in 2 in. ) 



Reduction 

of area 

t] 



ifc54,000 124,000 
164,500 136,500 



110,500 
117,500 



147,500 


105,000 


14.0 


29.1 


163,000 


105,000 


13.0 


28.8 


98,000 


55,000 


11.5 


25,8 


102,800 


47,500 


10.5 


30.2 



STKESS-'RUPTUEE DATA AT 1200^ F 



Stress 
(Ib/sg InJ 



Time for 
rupture 
(hr) 



Elongation 
in 1 in, ) 



Reduction 
of area 



95,000 


0.92 


10.0 


22.3 


86,000 


2.43 


8.0 


16.7 


58,000 


102.0 


4.0 


7.3 


52,000 


164.0 


4.0 


7.3 


45,000 


573.0 


4.0 


8.6 



Vickers Hardness: As received - 321 

After 573 hours at 1200^ F - 289 
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Alloy N154 "Cold" Worked continued 



STP.ESS-EUPTUSS PE0PESTIS3 AT 1200^ F 
(Estimated from plot of test data) 



Time for 
ruptiire 
(hr) 



Stress 
(iTs/sq. in.) 



1 

10 
100 

loco 



94,000 

74,000 
58,000 
42,000 



C0M^^E]!^TS supplied by the mamjfactuber 

FORGEABILITY Forged and rolled without difficulty. 
MACHINABILITy Metal turned and threaded without difficulty, 

*Alloys W154 - Annealed, N154 - Eot Worked, and N154 - "Cold" 
Worked are from the same heat and differ only in processing. 
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MCA 
ALLOY 

MANUFACTURER 

COMPOSITION 

TRSATMSWT 



N155 - Annealed* 

Universal- Cyclops Steel Corporation and Union Carbide 
and Carbon Research Laboratories, Inc. 

0.32^ C, 0.59^0 Si, 1.54^ Mn, 21.08^ Cr, 20.80^c Ni, 
20.54^^ Co, 3.0C^ Mo, Z.l^o W, 0.2&t Cb, 0.11^ Ng. 

Melted in an electric arc furnace, 600 pound heat, 
cast In 45-pound ingot. Hammer forged at 2075/ 
1320° F to 3/4- inch square bar. Heated 1 hour at 
2100° F, air cooled. 



HARDNESS 



220 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 

ature strength (ib/sq in,) limit Elongation of area 

(°F) Ilb/.RqJ:nO 0.02^ 0.2% (ib/sq in.) in 2 in.) (%) 

80 127,500 37,000 63,500 25,000 37.0 37.5 

128,000 40,500 63,000 20,000 35.0 38.0 

1200 87,250 42,600 22,500 18.0 16.9 

42,300 30,000 15.0 18.0 



STRESS-RUPTURE DATA AT 1200° F 

Time for Reduction 

Stress rupture Elongation of area 
(Ib/sq in.) (hr) {j in 1 in. ) {f) 



77,000 


0.57 


15.0 


20.5 


70,000 


1.72 


12.0 


13.2 


50,000 


157.0 


10.0 


17.2 


45,000 


308.0 


15,0 


18.9 


40,000 


828.0 


18.0 


22.3 



Vlckers Hardness: As received - 242 

After 828 hours at 1200^ F - 285 
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Alloy N155 - Annealed continued 



STPE5S-EUPTUEE PROPERTIES AT 1200^ F 
(Estimated from plot of teat dat&) 



Tiine for 
rupture 
ihr) 



Stress 
(It/sq. in.) 



1 

10 
100 
1000 



74,000 

64,000 
52,000 
39,000 



COMfffiNTS SUPFLIED BY THE 14AKUFACT0EER 

FOEGEflBILlTY Forged and rolled without difficulty. 
MACHINABILITY Metal turned and threaded without difficulty. 

♦Alloys N155 - Aimealed, N155 - Hot Vforked, and N155 •- "Cold" Worked 
are from the same heat and differ only in processing. 
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NACA 



ALLOY 



N155 - Hot Worked* 



MANUFACTURER Universal-Cyclops Steel Corporation and Union Cartide 
and Carbon Eesearch Laboratories, Inc. 



COMPOSITION 



TREATMENT 



0.32/6 C, 0.59^ Si, 1.541^ Mn, 21.08fo Cr, 20.80fo Nl, 
20.54^ Co, 3.00^ Mo, 2.18^ ¥, 0.98^ Cb, 0.11^ 

Melted in an electric arc furnace, 600 pound heat, 
oast in 45-pound ingot. Hammer forged at 2075/ 
1300° F to 7/0-lnch square bar. Heated 1 hour at 
2100° F and air cooled. Reheated to 1700° F and 
reduced in ai-ea 21.73!i^ by rolling. Stress relieved 
by heating through at 1200° F, air cooled. 



HARDNESS 



334 Brinell 



TENSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/aqin. ) limit Elongation of area 

(Of) (Ib/ sq in.) 0.02% 0.2^ (i b/sq in.) in 2 in. ) {%) 

80 158,000 110,5' 



1200 107,500 
106,500 



135,000 


90,000 


16.0 


28.5 


138,500 


85,000 


17.0 


28.8 


92,500 


47,500 


15.0 


30.8 


93,750 


52,500 


15.0 


28.5 



STRESS-RUPTURE DATA AT 1200^ F 

Time for Reduction 
Stress rupture Elongation of ^^^^ 
(ib/sq In.) (hr) (j In 1 in,) {%) 



90,000 


1.00 


10.0 


34.0 


84,000 


3.27 


14.0 


29.8 


62,000 


74.0 


12.0 


22.3 


54,000 


212.0 


3.0 


12 . 1 


50,000 


426.5 


8.0 


10.9 


45,000 


1295. 


4.0 


10.9 



Vlckers Hardness: As received - 336 

After 1295 hours at 1200^ F - 311 
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Alloy N155 - Hot Worked continued. 



STBE3S-EUPTUBS PE0PERTI5S AT 1200° F 
(Estimated irom plot of test data) 

Time for 

rupture Stress 
(hr) (Ib/sq in.) 

1 * 90,000 

10 76,000 

100 59,000 

1000 46,000 



COMMERTS SUPPLIED BY ISM MAUUFACTUEER 



FOEGEABILITY Forged and rolled without difficulty. 

t 

MACHINABILITY Metal turned and threaded vlthout difficulty. 



^Alloys N155- Annealed, N155 - Hot Worked, and N155- '"Cold" Worked 
are from the same heat and differ only in processing. 
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NACA 



ALLOY 



N155 - ■ "Cold" Worked* 



MANUFACTURER UnlverBal-Cyclops Steel Corporation and Union Cartide 
and Carbon Research Laboratories^ Inc. 



COMPOSITION 



TEMTMENT 



0.32^ C, 0,59^ Si, 1.54^ Mn, 21.08^ Cr, 20.80^ Ni, 
20.54^ Co, 3.00^ Mo, 2.18^ V7, 0.98^ Cb, 0.11^ N2. 

Melted in an electric arc furnace, 600 pound heat, 
cast in 45-pouricl ingot. Hammer forged at 2075/ 
1600° F to 7/8-lnch square bar. Heated 1 hour at 
2100° F and air cooled. Reheated to 1200° F and 
reduced in area 25.62^ by rolling. Stress relieved 
by heating through at 1200° F, air cooled. 



HARDNESS 



349 Brinell 



TENSILE PE0P5STIES 



Temper- Tensile Yield stress Proportional Reduction 
ature strength .(Ib/sqt in. ) limit' Elongation of area 

(°F) (Ib/sq in.) 0.02^ 0.2^ (Ib/sq in.) (% in 2 in.) 



80 167,600 125,000 150,500 105,000 13.0 29.8 

169,500 125,000 152,500 102,500 14.0 30.8 

1200 117,000 98,750 52,500 12.0 24.8 

118,750 95,000 47,500 11.0 26.5 



STEySSS-RUPTURE MTA AT 12069.F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) In 1 in. ) jj) 



98,000 


.88 


8.0 


13.3 


88,000 


3.32 


6.0 


6.2 


62,000 


130.0 


4.0 


6.2 


56,000 


443.0 


4.0 


8.5 


54,000 


202.5 


2.0 


1.3 


5^,000 


352.5 


5.0 


3.7 


45,000 


1249. 


2.0 


9.7 



Vickers Hardness: As received - 341 

After 1249 hours at 1200° F - 310 
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Alloy N155 



"Cold" Worked continued 



STEBSS-RUPTUEE PEOPERTIES AT 1200^ F 
(Estimated from plot of test data) 



Time for 
rupture 



Stress 
dVsqi in.) 



1 
10 
100 
1000 



99,000 
80,000 
63,000 
46,000 



COMMEHTS SUPPLIED BY IHE MAHUFACTUEER 

FORGEABZLITY Forged and rolled without difficulty. 
MACHINABILITY Metal turned and threaded without difficulty. 



*Alloys N155 - Annealed, N155 - Hot Worked, arid N155 "Cold" Worked 
are from the same heat and differ only in processing. 
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MCA 
ALLOY 



11156 - Annealed* 



MAMUFACTURER Universal-Cyclops Steel Corporation and Union Cartide 
and Carbon Research Laboratories^ Inc, 

COMPOSITION 0.33^ C, 0.57^ Si, 1.48^^ Mn, 15.66^ Cr, 33.23^0 Ni, 
23.69^ Co, 3.02foMo, 2.10^ W, 1.03^ Cb, 0.04^ Ng. 

TREATMENT Melted- in an electric arc furnace, 600 pound heat, 
cast In 45-pound Ingot. Hammer forged at 2075/ 
1340^ F to 3/4- inch square bar. Heated 1 hour at 
2100^ F and air cooled. 

HAEDNESS 208 Brinell 



Temper 
ature 



Tensile 
strength 



TENSILE PEOPEIOTIES 

iield stress Proportional Reduction 
(Ib/sq in.) limit :51ongatlon of a,rea 



(Of) (Ib/aq in.) 0.02^ 0.2^ (Ib/sg in.) ii in 2 in.) W 

80 



1200 



124,000 
122,750 

89,000 
87,250 



57,000 


20,000 


37.0 


37.8 


56,500 


25,000 


35.0 


44.1 


41,000 


27,500 


16.0 


19.3 


43,000 


32,500 


15.0 


16.1 



STRESS-BUPTURE DATA AT 1200° F 

Time for Eeductlon 
Stress rupture Elongation of ^^^l 
(Ib/sq in.) (hr) (/o In 1 in.) (%) 



77,000 


1.33 


12.0 


18.2 


70,000 


5.43 


10.0 


12.5 


50,000 


90.0 


16.0 


23.5 


40,000 


333.0 


9.0 


13.2 


30,000 


1885.0 


7.0 


14.8 



Viokers Hardness: As received - 233 

After 1885 hours at 1200^ F - 264 
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Alloy N156 - Annealed continued 



STRESS-EUPTUBE PHOPERTIES AT 1200° F 
(Estimated from plot of teat data) 

Time for 

rupture Stress 
(hr) (I'bhq. in.) 



1 79,000 

10 67,000 

100 49,000 

1000 33,000 



COMMENTS SUPPLIED BY THE MMUFACTUEER 



FORGEABILITY Forged vlth difficulty. 

MACHINABILITY Metal turned without difficulty tut threaded with 
difficulty. 



*Alloya N156 - Annealed, N156 - Hot Worked, and N156 - "Cold" Worked 
are from the same heat and differ only in processing. 



1 
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NACA 



ALLOY 



N156 - Hot Worked* 



MANUFACTUEER Universal-Cyclops Steel Corporation and Union Carbide 
and Carbon Be search Laboratories, Inc. 

COMPOSmON 0.33^ C, 0.57^ Si, 1.48^ Mn, 15.66^ Cr, 33.23^ Ni, 
23.69^ Co, 3.02^ Mo, 2.10^ W, 1.03^ Cb, 0.04^ Ng. 

TREATMENT Melted in an electric arc furnace, 600 pound heat, 
cast in 45-pound ingot. Hammer forged at 2075/ 
1600° F to 7/8-inch square bar. Heated 1 hour at 
2100° F.and air cooled. Reheated to 1700° F and 
reduced. in area 26,32^ by rolling. Stress relieved 
by heating through at 1200° F and air cooled. 



E'ffiDKESS 



303 Brinell 



TEKSnS! PROPERTIES 



Temper- Tensile Yield stress Proportional Reduction 

ature strength (Ib/sq. in. 1 limit Elongation of area 

(OF) (Ib/sq. in.) 0.02^ 0.2% (I b/sg in.) (% in 2 in. ) (%) 

80 146,250 105,500 125,000 82,500 18.5 36.0 

148,000 103,500 124,000 82,500 18,5 36.0 

1200 106,625 92,500 42,500 16.0 29.5 



STRESS-RUPrURE DATA AT 1200° F 

Time for Reduction 
Stress rupture Elongation of area 
(Ib/sq in.) (hr) (j in 1 in. ) (^) 



90,000 


0.92 


12.0 


23.8 


84,000 


2.43 


14.0 


29.3 


60,000 


66.0 


20.0 


24.9 


52,000 


171.00 


11.0 


24.5 


45,000 


810.0 


3.0 


8.5 



Vickers Hardness: As received - 283 

After 810 hours at 1200° F - 291 
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Alloy N156 - Hot Worked continued 



ST2F5S-KUPTUSE PROPERTIES AT 1200^ F 
(Estimated from plot of test data) 

Time for 

3rupture Stress 
(hr) (Ib/sq in.) 



1 91,000 

10 72^000 

100 56,000 

1000 44,000 



COMMEHTS SUPPLIED BY THE MANUFACTURER 



FGRGEABILITY Forged with difficulty, 

MAOHINABILITY Metal turaed without difficulty hut threaded with 
difficulty. 



*Alloy N156 - Annealed, N156 - Hot Worked, and N156 - "Cold" Worked 
are from the same heat and differ only in processing. 
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MCA 



ALLOY 



N156 - "Cold" Worked* 



]yL\NUFACTURER Universal-Cyclops Steel Corporation and Union Carbide 
and Carbon Research Laboratories, Inc. 

CO^IPOSITION 0,33^ C, 0.57^ Si, 1.48^ Mn, 15.65^ Cr, 33.23» Ni, 
23.69^ Co, 3.02^ Mo, 2.10;^ W, 1.03^ Cb, 0.04^ Ng. 

TEEATMEMT Melted in an electric arc fiurnace, 600 pound heat, 
cast in 45-poimd ingot. Hammer forged at 2075/ 
1600° F to 7/8-lnch square bar. Heated 1 hour at 
2100O F and air cooled. Reheated to 1200° F and 
reduced in area 24. 24/^ by rolling. Stress relieved 
by heating through at 1200° F and air cooled. 

HARDNESS 338 Brinell 



TEKSILE PROPERTIES 

Temper- Tensile Yield stress Proportional Reduction 
ature strength (Ib/sq. in.) limit Elongation of urea 

(°F) (Ib/sq Jn.) 0,02^ 0.2^ (ib/sq in.) (% in 2 in.) 

8C 



1200 



168,750 
168,000 



119,750 



150,500 153,800 
123,000 149,000 

110,000 



107,500 
102,500 

57,500 



14.5 
13.0 

10.5 



33.7 
29.5 

22.7 



STRESS-RUPl'URE DATA AT 1200° F 

Time for Reduction 
Stress ruptiare Elongation of area 
(Ib/sgm.) (hr) (j^lnim.) (^) 



98,000 


1.10 


10.0 


23.3 


80,000 


3,38 


10.0 


21.8 


60,000 


78,0 


5,0 


8,6 


53,000 


236.0 


4.0 


6.2 


45,000 


770.0 


2.0 


7.3 



Vlckers Hardness; As received - 351 

After 770 hours at 1200O F - 320 
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Alloy N156-- "Cold" Worked continued 



STEiSS-RUPTUEE PROPERTIES AT 1200° F 
(Estimated from plot of test data) 

Time for 

rupture Stress 
(hr) (iVsci in.) 



1 99,000 

10 78,000 

100 59,000 

1000 44,000 



cotArarrs ssisvlhsd by tbx NAiniFAcroREB 



FOBSEABILITy Forged vith difficulty. L: 

MACaiKABILITY Metal turned without difficulty but tharaSidSd with 
difficulty. 



♦Alloys N156 - Annealed^ 11156 - Hot Worked, and N1S6 - "Cold" Worked 
are from the same heat and differ only In processing. 
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